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THE ANNALS 
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ELECTRICITY, MAGNETISM, 
AND CHEMISTRY; 


Guardian of Experimental Science. 


JULY, 1840. 


I. Report of the Committee appointed by the Admiralty to 
examine the Plans of Lightning Conductors, of W. Syow 
Harris, Esq. F. R. S. and others. Abridged. 


We beg to observe before detailing the cases which have been 
brought before us, that we do not consider it to fall within the 
province of the present report to enter into the general. ques- 
tion of the efficacy of conductors in affording protection against 
the injurious effects of lightning, as this would lead to an 
investigation of the first principles of electrical action; and 
the fact of their efficacy may be considered to be established 
beyond all doubt, by the experience of the last 80 years, and 
the unanimous opinions of scientific men of all countries. 

With reference to the first point to which their Lordships’ 
memorandum directed our attention, viz., Whether, in cases 
where ships not having lightning conductors have been struck 
by lightning, it appears that other ships in company having 
conductors have not been struck, or have escaped injury ?” 
we beg to adduce the following cases :— 

1. In 1815, H. M. S. Norge, was struck by lightning at 
Jamaica, and lost her maintop-mast and topgallant-mast, whilst 
the Warrior, 74, which was lag close to her, with her con- 
ductor up, received no injury, though the electric fluid was 
observed absolutely to stream down it. Amongst many other 
ships which were in Port Royal Harbour at the time, none 
received any damage but a merchant vessel, which, like the 
Norge, had no conductor up. 
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2. In 1824, H. M. S. Milford, whilst in ordinary in 
Hamoaze, was struck by lightning, and the foremast and 
foretop-mast (both very small spars, for the purpose only of 
making signals) were shattered; she had no conductor up. 
The Caledonia, of 120 guns, with her lower masts in, and 
her conductor up, was lying about 80 fathoms distant, and 
received no injury. 

3. In 1824, H.M.S. Phæton was struck by lightning, and the 
foremast and foretop-mast were totally shivered. The Adven- 
turer was at anchor within a cable’s length, with her conductor 
up, and escaped without any damage, though supposed to 
have been struck more than once upon that occasion. 

4. In 1830, H. M. S. Ætna, when coming to, off Corfu, 
was struck by lightning, three heavy discharges descending 
by the conductor, and passing to the water without injuring 
the spars. The Madagascar and Mosquito, which were in 
company at the time, and had no conductors up, were repeat- 
edly struck, and received considerable injury. 

5. In 1837, the Cochin tank-vessel, in ‘Trincomalee Har- 
bour, was! struck by lightning, and her foremast (without a 
topmast) was shivered, whilst H. M. S. Winchester, at the 
distance of two cables’ length, was uninjured, though the 
lightning was seen to pass down her conductor. 

6. In 1837, the Pelican, sloop-of-war, whilst on the coast 
of Africa, was struck by lightning on the foremast, and lost 
her topmast and topgallant-mast ; the conductor was not up at 
the time. The Waterwitch, at two cables’ distance, had her 
conductor up, and escaped injury. 

7. In 1838, H.M.S. Ceylon, in Malta Harbour, was struck 
by lightning, and her pole, foretop-mast, and foremast were 
shivered ; she had no conductor up, and was lying close to the 
‘Talavera, Bellerophon, and Dock-yard Sheers, all of which 
had conductors up at the time, and met with no injury. 

‘These cases have been fully authenticated. 

In addition to these instances of the decided protection 
afforded by conductors, and the disastrous consequences which 
have arisen from the want of them, we beg to call their Lord- 
ships’ attention to the case of the New York Packet. 

It appears that on her passage to Liverpool, in 1827, this 
ship was struck by lightning and sustained considerable injury. 
The conductor was not up at the time; but the weather con- 
tinuing stormy, it was got out and triced up to the mast head. 
The ship was a second time struck by a most severe stroke of 
electricity, which fused the chain, but passed into the water 
without committing further damage. 

It would be easy to multiply instances of the local protec- 
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tion afforded by metallic bodies accidentally present in ships 
which have been struck by lightning, as well as cases in which 
single ships have escaped injury by means of a conductor ; 
many such have been adduced in evidence before us; but 
these cases apply rather to the general question of the advan- 
tage of conductors. 

Under this head of the Report, however, we may perhaps 
be allowed to state to their Lordships the result of our 
inquiries with regard to the common prejudice, that conductors 
have the power of attracting a flash of lightning, which in their 
absence would not have fallen on the ship in which they are 
fitted. 

The numerous cases of accidents to ships without conductors, 
and the comparatively rare occurrence of lightning having 
been noticed to strike on a conductor, would tend to negative 
such a supposition; and it may be observed, that in several 
instances the electricity has been seen to strike down on the 
surface of the water at no great distance from a ship fitted with 
aconductor. This phenomenon occurred in Plymouth Sound, 
within a moderate distance of the Caledonia, whilst fitted 
with Mr. Harris's conductors; and in the instances of the 
Milford, Cochin, and Ceylon, already mentioned, these ships 
with very short spars and no conductors, were struck by light- 
ning when within a few hundred feet of ships with considerably 
higher masts and conductors up; and in the instance of the 
Cochin tank-vessel alone was the electric fluid observed to 
descend on the conductor of the ship which was lying near her 
(the Winchester), thus affording evidence, either of the little 
influence exerted by conductors in inducing or attracting an 
explosive discharge, or of their efficacy in harmlessly and im- 
perceptibly conveying the electricity to the water. 

As the objection of the attractive power of conductors has 
been brought forward by the Surveyor of the Navy, as espe- 
cially applicable to those of Mr. Harris's principle, it is right 
to state, in addition to the cases above-mentioned, that with 
regard to Mr. Harris’s, no facts have come under our know- 
ledge which would lead us to coincide in his opinion ; but on 
the contrary, amongst the several ships fitted on Mr. Harris’s 
plan, which have for many years past been employed in tro- 
pical climates, and were exposed, as stated by their com- 
mandimg officers, to very severe lightning, we have found great 
difficulty in obtaining direct evidence of their having been 
struck at all; and in two or three instances only has the fact 
been satisfactorily observed, and no case of injury has been 
recorded. 

Professors Faraday and Wheatstone have been consulted on 
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this point; and it is their unequivocal opinion that conductors 
possess no inherent property of attracting or inviting a dis- 
charge from a cloud at a distance. 

If there be a projecting object, like a mast, within a mode- 

rate distance of the point from which the discharge takes place, 
the electricity will descend by it, whether fitted with a con- 
ductor or not, as affording a line of less resistance than it 
would meet with from the non-conducting property of the air. 

s The radius within which it has been conei red that a con- 
ductor will determine or conduct the electricity is double its 
own length, provided the discharge takes place within that 
space, but it has no power to cause the discharge ;” on the 
contrary, “at all times its tendency is to draw off the electri- 
city from the atmosphere, and thereby diminish the liability to 
an explosion.” 

In concluding our remarks on this first head of the inquiry, 
we beg to observe that every search has been made for cases 
of injury sustained by ships fitted with conductors, and though 
several statements to that effect have been brought under our 
notice, not one has been substantiated. 

And no instance, so far as we are aware of, has ever 
occurred of a ship sustaining injury when struck by lightning 
if the conductor was up to the mast-head, and the continuity 
uninterrupted to the water. 

With reference to the second head of the inquiry, namely :— 
What conductors have been used in ships, either of the Navy 
or in those belonging to private merchants? we beg to state, 
that the conductors which have hitherto been used in the Navy, 
consist of a copper chain, composed of rods of about two feet 
in length, and 175, or about one-sixth of an inch in diameter, 
with an eye at each end. ‘These bars are linked together by 
rings and the conductor terminates in a rod of the same 
dimensions, which tapers to a point, and is made with a turn 
‘in it near the base, to receive the line to which it is attached 
throughout its whole length, for stopping to the topgallant 
backstay when triced to the masthead: N 

It should be observed that these conductors are not issued 
to every ship, but only supplied when demanded, and one 
only is allowed. : 

A chain of similar form, composed of either copper or iron, 
is said to be used occasionally in merchant vessels, but we 
have had no opportunity of inspecting one. 

In the French Navy, a metallic rope composed of mixed 
metal wire, is attached to the mast-head immediately under 
the truck, leads down to the top-gallant cross-trees, and 
thence by the topgallant backstay to the channel, and descends 
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into the water. A copper spindle of about three feet in length, 
tapering from an inch to a point, is screwed into the mast- 
head, nine inches of the upper end being hardened and gilded. 

This description was obtained by Mr. Rice, foreman of 
shipwrights, at Chatham Dockyard, from the officers of the 
French frigate Calypso, in 1832, when under repair. A piece 
of it was produced for our inspection, composed of three 
strands of eight wires each, and measuring one-eighth and a 
half inch in circumference. 

Mr. Harris’s conductors, which have been fitted for trial in 
the ships named below*, are composed of two plates of copper 
rivetted together, so as to form an elastic and continuous line 
of metal; the inner plate being one-sixteenth and the outer 
one-eighth of an inch in thickness, their breadth varying ac- 
cording to the class of the width of the plates which have 
hitherto been used, as they are considered to be unnecessarily , 
large, and the subject will be discussed in the sequel. 

These plates are inserted in dovetailed grooves, in the after 
part of the masts, and extend from the truck to the keelson; 
a copper plate of the same dimensions is led over the caps, 
and the continuity is preserved at all times by a tumbler on 
the caps, consisting of a short copper bar with a hinge at the 
base, by which it leans against the conductor of the topmast, 
whether fidded or housed ; and their lordships will perceive by 
reference to the drawings which accompany the Appendix, 
that a stop is placed on the exterior by which the tumbler is 
prevented from falling backwards. 

Copper plates of equal dimensions to those on the lower 
masts are placed under the heels and steps of the masts, and 
are thence led along the keelson in contact with the copper 
fastenings. . 

In order to insure connexion with the copper sheathing, 
bolts are driven transversely through the keel, so as to meet 
those passing down from the keelson. 

Copper plates are likewise led along the underside of the 
beams of the lower and orlop decks to the principal copper 
fastenings, and ultimately terminate in the sheathing, thereby 
combining all the chief masses of metal in the hull and spars 
of a ship with the conductors, and affording by means of its 
ultimate connexion with the copper sheathing a vast surface 
in contact with the water for the dispersion of the electricity. 

With reference to the third head of the inquiry, namely: 
What the objections are to the conductors now in use? we beg 
to state, that the chief objections of a practical nature which 

* Actzon, Asia, Beagle, Belvidera, Blanche, Caledonia, Dryad, Druid, 
Forte, Revenge, Saphire, St. Vincent, Spartiate. ö 
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have been urged against the common chain conductors, are 
that not being fixtures, they are seldom ready when required, 
are kept packed in a box, and 3 stowed away in the 
store-rooms, and when thunder squalls arise suddenly and 
unexpectedly, as frequently occurs, especially in the tropics, 
the damage is done to the ship before they can be got out and 
triced up. At all times there is danger in tricing them up, 
as it is usually done when lightning is anticipated. 

In 1834, on board the Thunderer, the men had not left the 
conductor five seconds when the lightning descended with ex- 
treme violence; and in one instance, on board a vessel in the 
mouth of the Mississippi, several men were struck dead at the 
moment of hoisting one up. 

In dark nights the difficulty of tricing them up properly is 
greatly enhanced, and in heavy weather, when much needed, . 
it has been found impracticable to get them up at all. 

Their construction is very ‘slight, and the rings not being 
welded together, a trifling strain breaks them. 

In the event of a topmast or topgallant-mast being carried 
away the conductor is likely to be lost, and at any rate the 
ship is unprotected until it can be got in, and triced up to 
another mast. This case occurred to the Jupiter. 

As conductors, their capacity is not sufficient for the safe 
transmission of heavy discharges of electricity, and in several 
instances the metal has been fused or disjointed. This oc- 
curred to the Dublin and tna. 

In short, we cannot but regard them as a temporary and 
inadequate expedient. 

By not being permanently fixed, the security of the ship is 
left to the opinion of the commanding officer as to their utility 
at all, or necessity at the moment. 

They are not calculated to be pae in all weathers, are 
subject to all the casualties to which the ship’s rigging is ex- 
posed, and liable to lead to serious accidents by the end being 
brought in board, the continuity interrupted, or the end lifted 
out of the water. 

4. What the advantages or disadvantages of Mr. Snow 
Harris’s conductors, as compared with others ? 

The advantages to be derived from the adoption of Mr. 
Harris’s plan are, the removal at once of all the objections and 
liabilities to which the common chain conductor is exposed. 

A continuous line of metal from the truck to the water is 
permanently fixed, and if it be found necessary to strike any 
of the masts, or one or more be carried away, a safe conduetor 
will still remain. By its connexion with the detached masses 
of metal used in the fastenings of the hull, and its final junction 
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with the copper sheathing, the important advantages of great 
electrical capacity are obtained, and of ready means under all 
circumstances, for the rapid diffusion of the electricity over a 
vast surface of metal in contact with the water. 

Professor Faraday stated to the committee, that it was his 
opinion that Mr. Harris’s conductors met every case that he 
could possibly conceive to occur, and offered no one disadvan- 
tage or objection whatever;” and Professor Wheatstone stated, 
that,’ he could see no objection whatever to Mr. Harris’s 
conductors in a scientific point of view.” 

A committee of the Royal Society, appointed in 1823, to 
consider the merits of these conductors, as well as Dr. 
Wollaston and Sir Humphry mah have stated their approval 
of the principle of Mr. Harris’s plan. 

With reference to the disadvantages of Mr. Harris’s con- 
ductors, we beg to state that all the objections which have 
been brought against them have, to our minds, been sufficiently 
removed by the evidence adduced before us; it will be proper, 
however, to state these objections to their Lordships, with the 
facts and opinions which have influenced our conclusions. 

The objections may be divided under the following heads: 

1. Those of a scientific nature, involving principles of elec- 
trical action. , 

2. Those of a practical description, as tending to injure and 
weaken the spars. 

3. The indirect objection on account of expense. 

Ist. Theoretical objections. 

First. That Mr. Harris’s conductors attract the lightning. 

This applies equally to all conductors, and has been already 
tefuted. 

Secondly. That danger arises from the ‘lateral explosion.” 

Mr. Martyn Roberts has objected to the conductors being 
led through the body of the ship, on account of the dangers of 
lateral explosion, which he considers might set fire to the ship, 
or ignite the magazine. His hypothesis is, that when a 
discharge of electricity passes along a conductor, visible sparks 
would be thrown off from the sides of the conductor to any 
metallic or other conducting body within a moderate distance, 
and be capable of igniting inflammable substances.” And 
that such lateral discharges would be in proportion to the 
capacity and proximity of the secondary conductors, with 
reference to the volume of electricity passing down the primary 
conductor.” 

Professor Faraday stated, that he was not aware of any 
phenomenon called lateral dischage, which was not a diversion 
or division of the primary current, and that all liabilities to 
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a diversion of the main charge would decrease in proportion 
to the capability and goodness of the primary conductor; that 
in proportion as the number of. the metal bolts are connected 
with the conductor would the probability of a lateral diversion 
diminish.” : 

It was his opinion that a lateral discharge could not be 
obtained from Mr. Harris’s conductor, provided the continuity 
were not interrupted; and from the increased dimensions of 
the plates at the lower extremity, and the complete mode of 
connexion with the fastenings of the hull, the electricity would 
be so rapidly diffused that he doubted whether, with any 
intentional contrivance, the magazine could be ignited from 
the sides of the conductor. He could not but appeal to the 
evidence of experience to prove the efficacy and safety of Mr. 
Harris’s plan; ships fitted with his coriductors had been 
exposed to severe lightning, dnd the electricity had been 
known to descend by them with perfect security to every thing 
on board; nor was there, so far as he could learn, any instance 
on record of lateral explosion.” 

Professor Wheatstone stated, with regard to lateral explosion, 
that “ all the cases with which he was acquainted were those 
of a partial diversion of the main current where the conductor 
was not of sufficient capacity of conduction, in which case a 
portion of the electricity distributes itself to any tolerably good 
conductor within a moderate distance. 

„This, however, had only been known to occur from a very 
small wire, and from a conductor of the dimensions proposed 
by Mr. Harris, would be impossible, with such atmospheric 
discharges as we are aquainted with. 

‘The liability to such lateral diversion would be diminished 
in proportion to the means of diffusion ; and considering the 
mode proposed by Mr. Harris for connecting the principal 
fastenings, &c., of the hull with the conductors, no danger need 
be antcipated from leading the electricity through the body 
of the ship or within a few feet of the magazine so long as 
the continuity was maintained.” 

Notwithstanding this evidence, Mr. Martyn Roberts sub- 
sequently communicated to the committee that he had made 
further experiments on a larger scale, which favoured his idea 
of the danger to be anticipated from lateral explosion.” 

Professor Wheatstone was in consequence requested to 
attend to receive from Mr. Roberts himself an explanation of 
the experiments which he had instituted; and we beg to 
subjoin the further opinion of Professor Wheatstone on the 
subject, which he communicated in writing. 

„When the known conditions of a good lightning conduc- 
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tor are fulfilled, it is physically impossible that it should 
occasion the least accident to the building or ship to which it 
is attached. When injury does occur to a ship provided with 
one, it is because this conductor is not sufficient to carry off 
the whole of the discharge; the ship is then oniy partiall 
protected—damage is done; but this damage must be in all 
cases immeasurably below what would have been produced by 
the whole discharge, had it not found any conductor to trans- 
mit it to the water. ‘The danger to be apprehended from the 
division of the discharge may be reduced to almost nothing 
by increasing the dimensions and conducting power of the bars 
or plates which transmit the electricity, and by keeping good 
conductors, not connected with it, out of its immediate 
vicinity. 

It has been proved beyond doubt that electricity follows 
the best conducting path which is open to it; and that when 
it finds a metallic road sufficient to conduct it completely, it 
never flies to surrounding bodies greatly inferior in conducting 

ower. 

ae The experiments of M. de Romas, made in France, with 
the electrical kite, immediately after Franklin’s first attempt, 
might satisfy the most timid in this respect. Imagine, 
writes he to the Abbe Nollet, ‘that you see shects of fire, nine 
or ten feet long and an inch broad, which made as much or 
more noise than the reports of a pistol. In less than an hour 
I had certainly 30 sheets of these dimensions, without count- 
ing a thousand others of seven feet and under. But what 
gives me the greatest satisfaction in this new spectacle is, that 
the largest sheets were spontaneous, and notwithstanding the 
abundance of fire which formed them, they constantly fell on 
the nearest conducting body. This constancy gave me so 
much security that I did not fear to excite this fire with my 
discharger, even when the storm was violent; and when the 
glass branches of this instrument were only two feet long, I 
conducted wherever I pleased, without feeling the smallest 
shock in my hand, sheets of fire six or seven feet long, with 
the same facility as those of only six or seven inches. 

« The wire of the kite was insulated, and the sparks drawn 
by a metallic conductor held in the hand by means of an 
insulating handle, and communicating with the ground by 
a chain. The human body is known not to be one of the 
worst conductors; yet because it was two feet further than a 
far more perfect one, it received none of the discharge, even 
though the conducting path was an interrupted one. : 

« The phenomenon to which the name of lateral explosion 
has been generally given was the first observed by Henly, 

Vol. V.— No. 25, June, 1840. B 
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more than half a century ago, and has been subsequently 
experimented upon by Priestly, Cavallo, and more recently 
by Biot. 

Xe I conceive it has no application to lightning conductors, 
but as it has been brought forward as an objection to Mr. 
Harris’s plan by Mr. Roberts, it may be necessary to say a 
few eae respecting its real nature. 

It takes place during the discharge of an electric battery, 
that is at the moment of the union of the positive and negative 
electricities accumulated on the opposite coatings of the jars; 
no part of these accumulated electricities has anything to do 
with the effect, which arises solely from the induction of that 
small portion of electricity which remains free on one of the 
surfaces of the battery or the conducting bodies attached 
thereto. 

This is the explanation of the phenomenon given by the 
best authorities, and, as Biot observes, theory and experiment 
unite in demonstrating to us that it is incomparably a than 
the direct discharge. 

“Even, therefore, were lightning conductors liable to this 
lateral discharge, it would be easy to prevent any material 
damage arising from this cause; but after attentively con- 
sidering the subject, and Mr. Roberts’s objections, I am still 
of opinion that, in the case of lightning conductors, the lateral 
discharges that sometimes occur and produce mischief, arise 
solely from the insufficiency of the conductor to carry off the 
whole of the electric fluid which enters, as I have above 
stated, and the remedy to which is obvious.” 

The evidence of the officers who had served in H. M. ships 
fitted on Mr. Harris’s plan, and had witnessed the effects of 
lightning descending by the conductors, as well as the 
absence of any case, so far as we can learn, of lateral explo- 
sion, even from the common chain conductor of such inferior 
capacity, so fully bear out the opinions of Professors Faraday 
and Wheatstone, that we do not hesitate to state our entire 
conviction of the ‘futility of the objection on account of 
«lateral discharge.” 

Thirdly. That Mr. Harris’s conductors do not afford a 
continuous line of solid metal. This objection will embrace 
the ninth question in their lordship’s instructions, namely, 
„Whether the continuity can be preserved in all probable 
circumstances, and whether the danger is not increased in 
case of interruption of the conductor, or of its being of in- 
adequate dimensions ?” 

On this point again we beg to quote the opinions of Pro- 
fessors Faraday and Wheatstone. 
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Professor Faraday stated, that the conducting power of 
the plates would be but little diminished by the continuous 
solidity of che metal being interrupted, so long as the portions 
of the conductor remained in contact; that even supposing 
the tumblers on the caps were, through accident, to be open 
to the extent of half an inch or an inch, no injury would be 
caused to the surrounding woodwork by the electricity leaping 
from one point to the other; that rope, or any substance of 
small conducting capacity, if placed between the two points, 
would perhaps be destroyed, but the probability appeared so 
small of any accident occurring whereby the continuity could 
he interrupted, that he should not hesitate to say there would 
be no objection to Mr. Harris’s plan on that score.” 

Professor Wheatstone stated, he was of opinion that if 
the copper plates of which the conductors were composed 
were in mechanical contact, there would be no danger of an 
explosive discharge along the line of junction; and that their 
capability for carrying off the electricity would be so little 
diminished by.a slight interruption of the continuous solidity 
of the metal, that there could be no objection to them on the 
ground of being formed of separate pieces of copper. 

„That the continuity of the conductors appeared to be 
sufficiently provided for by the tumblers on the caps, and that 
no danger need be anticipated supposing they were opened 
by accident to the extent of an inch or two, as the electricity 
would pass from one point to the other without damaging the 
contiguous woodwork.” 

Their lordships will perceive by reference to the 5 
and drawings. of Mr. Harris's plan that every' means have 
been adopted to ensure the preservation of the continuity 
under all possible circumstances, and in no case is an inter- 
ruption of any consequence likely to occur. 

Fourthly. The danger of accidents to men in contact with 
the conductors at the moment of the electricity decending. 

No instance of any accident of the sort has been known to 
occur. 

On board H. M. S. Beagle, the lightning was seen to strike 
the conductor, and though it passed within eight inches of 
the purser’s head, who was asleep in his cabin at the time, he 
experienced no ill effects, beyond being woke by the general 
concussion. 

Professor Faraday stated, that he believed a man would 
receive no injury if he were leaning against Mr. Harris's con- 
ductor when the electricity descended, and that any opinion 
to the contrary must be only assumption. te us 

2. Objections of a practical description, as injuring and 
weakening the spars. 
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The surveyor of the navy and Mr. Edye stated that they 
were of opinion that Mr. Harris’s conductors injure the 
spars. 

Frist. That the nails by which they are fixed split the 
spars; and when the masts are strained by earrying sail, the 
wet might get into the splits on the weather side, and cause 
injury. 

Secondly. That the conductors weaken the spars. 

In support of the opinion that the nails split the spars, the 
surveyor of the navy considered he was borne out by the 
report of survey on the Caledonia's spars, from which Mr. 
Harris's conductors had been stripped. 

The officers of Plymouth Dockyard state, in their report 
of the 15th June, 1839, that „if the conductors had 
been allowed to remain in the spars, there would not have 
been any objection to their re-issue to the ship or ships to 
which they belonged.” 

That if the conductors had not been removed from the 
topgallant-masts and flying jib-boom, ‘the rents occasioned 
by the nails would not have been apparent,’ and the necessity 
for reducing the spars on account of the grooves made for the 
reception of the conductors would not have existed.” ‘In 
several instances the injury done to the smaller spars may 
be attributable to the great number of nails used for fastening 
the conductors, and which rendered the small spars of the 
Caledonia unserviceable.” 

We beg to observe, however, in this instance, that nails 
are stated to have been used of two inches and a half in length 
to fix the copper plates, of only three-sixteenths of an inch, 
on a spar of six inches and a half in diameter. 

The foreman of the Mast Department at Plymouth states, 
that none of the spars of the Spartiate and Forte when 
returned into store were rendered unserviceable from the 
conductors, and in every instance the plates were as securely 
fixed as when first fitted in; that no injury from nail-holes 
would ever render a re-conversion of a spar necessary; and 
that they would never be rendered inapplicable for other 
or inferior purposes, if the conductors were kept in.” 

The officers of the Portsmouth Dockyard state that they 
are not aware that any injury to the masts or spars was 
attributable to the application of Mr. Harris’s conductors.” 
Captain Fitzroy stated, that in H. M. S. Beagle, when 
under his command, he had never found the spars split by the 
nails, and did not consider that they were likely to be 
weakened or injured by them, as the nails were flattened at 
the point, and passed between instead of cutting the fibres of 
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the wood; but allowing such to be the case, no wet could 
ever penetrate if the masts were kept properly greased.” 

Secondly. That the conductors weakened the spars, (which 
embraces the sixth question of their lordships’ instructions, 
namely, Whether the conductors of Mr. Snow Harris can 
be so fitted as not to weaken the spars in which they are 
placed?“ 

Captain Fitzroy stated, that “the copper plates appeared 
to strengthen rather than weaken the spars. In so small a 
vessel as a 10-gun brig, the Beagle, the spars were found to 
be improved rather than injured, and though exposed for five 
years to continued service, the same spars remained at the 
present moment in the Beagle, with the exception of the top- 
gallant-masts.” 

Commodore Pell stated, in proof that Mr. Harris’s conduc- 
tors were not injurious to the spars, that after four years’ 
service the Forte was paid off with the same masts, top-masts, 
topgallant-masts and royal-masts. 

Captain the Hon. F. Grey, Commander Turner, Captain 
the Hon. W. Wellesley, and Commander Norcott, who had 
served in ships fitted with Mr. Harris’s plan, were also 
equally of opinion that the introduction of the copper plates 
tended rather to strengthen the spars. Experiments were 
made to ascertain the point in 1831, in Portsmouth Dock- 
yard, under the superintendence of Mr. Harris and Mr. Rice, 
in the presence of several distinguished officers, &c., by which 
it will be seen that a spar (a jib-boom) was undoubtedly 
strengthened by the application of the plates, and in certain 
5 inereased in stability upwards of a sixth; thus con- 

rming the opinions of the officers above mentioned, who had 
tested the fact by experience in actual service. 

Thirdly. Objections on the score of expense. 

With reference to the fifth point of their lordships’ instruc- 
tions, namely, What the comparative expense is of different 
descriptions of lightning conductors ?” 

The accompanying Table shows the cost of Mr. Harris’s, 
and the common chain conductor for each class of H. M. 
ships.“ 


In this Table the expense of the common conductors is omitted, but we 
a ä information from another table which we find in the Appen - 
IX. Ep. M. M. 
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Expense of 
fitting each Ship Expense of 
Class of Ships. with Harris's common 
Conductors. Conductors. 


No. of Guns. £. 


£. s. d. 
120 365 17 8 | 3 2 8} 
84 350 15 7 3 1 3 
74 317 18 6 216 10} 
50 286 1510 213 11} 
46 236 17 #28 14 
28 161 1811 | 119 8 
18 19 7 2 | 119 8 
10 102 12 7 | 115 0 


From this account it is obvious that the adoption of Mr. 
_ Harris’s plan would be accompanied with a very considerable 
increase of expense, but we propose to show in the sequel by 
what means certain reduction in their cost may be effected. 

We now beg to state, with reference to the tenth head of 
the inquiry, namely, Whether any other mode of fixing 
lightning conductors does not possess the same or greater 
advantages than Mr. Harris’s?” That Mr. Martyn Roberts 
submitted to us a proposition for avoiding the dangers he 
considered likely to arise on the adoption of Mr. Harris’s 
plan, from the alleged lateral explosion, by means of a rope 
composed of annealed copper wire, to be led from the truck 
down the afterpart of the masts to the lower mast-head, and 
thence as a backstay to the copper sheathing, to which it is to 
be soldered or brazed. ‘This plan differed only from the con- 
ductor used in the Freneh navy in its mode of application. 

Mr. Edye also submitted a plan for obviating the supposed 
objections to Mr. Harris's conductors from their passing 
through the hull of the vessel, consisting of Mr. Harris’s cop- 
per plates as far as the head of the topgallant-mast, (or if 
necessary to the top-mast head), and wire-rope back-stay on 
each side down to the epa sheathmg. l 

Before entering into the merits of these two plans of very 
similar construction, we cannot but remark on the circumstance 
that the chief objections urged by Mr. Edyeand the surveyor of 
the navy against Mr. Harris’s conductors equally apply to 
Mr. Edye’s proposition, namely, the injury to the small spars 
from the nails by which the copper plates are fixed, and the 
tendency of the conductors to attract lightning. 

Mr. Edye, in his evidence, states, he considers Mr. Harris’s 
plan would decidedly weaken the spars, and the nails unques- 
tionably injure by causing splits and admitting the wet, as 
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was found in the case of the Caledonia;” while his own pro- 
position is to apply Mr. Harris’s plates to the royal-masts 
and topgallant-masts if thought necessary, these masts being 
the most liable to the injury he so unquestionably states must, 
in his opinion, ensue. 

Professors Faraday and Wheatstone were shown the draw- 
ings and descriptions of these conductors. 

The former observed with regard to Mr. Edye's, that 
“ there was no doubt that if they could be kept in their places 
under all circumstances, and the rope was of sufficient capa- 
city to carry off the electricity, they would be efficacious; but 
in his opinion, their liability to derangement was far greater, 
their capacity less; nor were they in any one point equal to 
Mr. Harris’s ; and he should greatly prefer the latter.“ 

Professor Wheatstone stated, that Mr. Edye’s plan of a 
conductor appeared to him to be liable to all the casualties to 
which the common chain conductor was exposed. If it could 
always be kept permanent, and the wire ropes were of suffi- 
cient capacity, there would be no doubt they could lead off 
the electricity; but their liability to accidents was an insuper- 
able objection. 

« Mr. Roberts’ plan appeared very similar to the metallic 
rope conductors used in the French navy, and was objection- 
able on the same grounds as Mr. Edye’s.” 

We entirely concur in the opinions of these gentlemen, and 
beg to observe that both Mr. Roberts’s and Mr. Edye’s plans 
appear to us to be equally subject to all the liabilities to which 
the rigging of a ship is exposed in common with the chain con- 
ductor ; in the event of a topmast being carried away, the ship 
is left unprotected, and thus, in the hour of danger, they are 
liable to become useless. 

The weight of the wire ropes in Mr. Edye’s plan would be 
a great objection, especially when it is considered that the 
whole of this weight rests on the head of the topgallant-mast 
alone. 

A wire rope, of three-fourths of an inch in diameter, from 
the topgallant-mast head (on each side) of a first rate and an 
18-gun brig, as compared with the weight of their hempen 
backstays, would be as follows, namely : 


Hemp. Wire. 
First-rate : topgallant backstay... 246 lbs. 357lbs. 
18-gun brig— Iv æ——2 2 92 268 


* 


And as it is necessary to provide conductors for each mast- 
head, and their capacity must be the same, whether in a first- 
rate or sloop-of-war, the comparative excess of weight would 
be still greater in the fore and mizen masts. 
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In carrying sail, especially in dry weather, when the rig- 
ging is slack, the metal not being affected in the same degree 
as the hempen ropes, the strain would probably be so great 
on the conductor, as to carry away the topgallant-mast, or the 
wire backstay. 

It has been proposed to place a globe of glass on the mast- 
head in lieu of a conductor, on the hypothesis that, from the 
non-conducting a of glass, it would serve as a repellant 
to lightning; but Professor Faraday considered ‘it would 
not be a preventive, but would rather tend to increase the 
liability to an explosive and to a more violent rather than toa 
silent discharge, and would therefore increase the danger.” 

Professor Wheatstone was of opinion that “ such a propo- 
sition was an absurd notion, and would be dangerous in the 
extreme, inducing, in many instances, an explosive discharge, 
where a conductor might have silently drawn off the electricity.” 

After maturely considering the several points now discussed, 
and the evidence, both practical and theoretical, which has 
been submitted to us, we are unanimously of opinion, that of 
all the plans of conductors which we have had under our con- 
sideration, that proposed by Mr. Harris affords the best means 
of perenne the injurious effects of lightning. 

e now propose to show by what means the expense of 
fitting Mr. Harris’s conductors may be reduced. 

In considering this question, it will be necessary to divide 
it into three separate heads, namely : 

First, Dimensions of the plates of the conductors. 

Secondly, Abbreviation of the conductors. 

And, Thirdly, The number required in each ship. 

First, in order to ascertain the feasibility and safety of 
reducing the size of the copper plates originally 1 by 
Mr. Harris, it is necessary to enter into the question of the 
requisite dimensions of metallic rods to insure protection 
against lightning. 

The capability or power of a metal rod for the safe trans- 
mission of electricity is in direct proportion to the area of sec- 
tion or its metallic contents. 

A copper rod, of half an inch in diameter, has never been 
known to be fused or heated red hot by an atmospheric dis- 
charge of electricity, and thus a standard of sufficiency is 
afforded with which all conductors may be compared. 

On consideration of this fact, and the rare occurrence of 
the common chain of one-sixth of an inch being fused, we were 
led to conclude that Mr. Harris’s plates were larger, especially 
in the lower masts, than experience seemed to require for the 
safe conduction of electrical discharges, and as their dimen- 
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sions varied in the different classes of ships, and it was appa- 
rent that whatever was requisite for one was necessary for all, 
without reference to the size of the ship, we desired Mr. Rice 
to prepare a table of the comparative dimensions of Mr. 
Harris's conductors on the scale originally fixed by him and 
that proposed by us, and Mr. Harris having expressed his en- 
tire acquiescence in the reductions, we beg to recommend the 
following scale of dimensions for the copper plates for the 
masts and spars of ships of all classes in the event of these 
conductors being used in future in H. M. Navy, namely :— 


Lower masts and bow sprit covsveces 
Topmasts and jib-booms . . sare eases. id 
Topgallant-masts, and flying jib-booms ......... 24 
To taper from hounds to truck from ............. 2told 


The plates remaining of the same thickness in all, viz. {3,ths 
of an inch. 
These reductions will effect a commensurate diminution in 
the expense, and the following account shews the cost of fitting 
each class of H. M. ships on the scale proposed; viz. 


2823 
3 3 3 . 
| a Fee 
Total Expense & ñs E 8 Actual Cost 
of the S 2 2 2 to the 
Conductors. 8 8 8 8 Crown. 
2 8 to © 
| 333 3 
| a 55 Z | 
£. £: | £. 
First-rates ...... 258 | 133 125 
Second-rates ... 246 | 127 | 119 
„ Third- rates 230 | 119 | 111 
Fourth-rates 214 110 | 104 
Fifth-rates ...... 192 99 | 93 
Sixth-rates ...... 151 85 | 66 
Sloops ee 98 47 | 51 
Briggs 87 43 | 44 


In order to remove any doubt as to the security with which 
these reductions may be effected, we beg to quote the following 
opinions. 

Professor Faraday stated, that he had no doubt the 
reductions of the copper plates proposed by the committee 
could be effected with entire security.” 


VoL. V.—No. 25, July, 1840. C 
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Professor Wheatstone stated, that in the Report of the 
Committee of the Academy of Sciences of Paris, appointed 
to investigate the utility of lightning conductors, it is mentioned 
that there is no instance on record of an iron rod of half an 
inch in diameter being fused or made red-hot by a flash of 
lightning; and considering that the capacity of copper for the 
conduction of electricity was from six to eight times greater 
than that of iron, and that the area of the section of Mr. 
Harris’s conductors at the mast head was 4688, of a square 
inch, and in the lower masts °7500, whilst that of an half-inch 
rod was °1970, he felt convinced that they were perfectly safe.” 

Secondly. Abbreviation of the conductors. 

It appeared to us to be a question of great importance to 
consider, whether the time and expense of docking ships for 
the purpose of drawing the copper bolts to effect the metallic 
continuity with the keelson bolts and the copper sheathing 
might not be dispensed with in cases of emergency, when 
ships were required to be fitted out with expedition, and 
at the same time that they might possess the advantages of 
these permanent conductors. We therefore submitted to Pro- 
fessors Faraday and Wheatstone, whether sufficient security 
would be afforded against lightning if the conductors were 
led down no farther than the orlop-deck in line-of-battle ships 
and frigates, and to the lower deck in sloops and brigs, and the 
metallic connexion with the oe sheathing maintained alone 
by the transverse copper bands leading under the beams. 

We beg to subjoin their opinions. 

Professor Faraday stated, that he is of opinion there 
would be no objection to cutting off the lower portion of the 
conductors, say from the lowest deck, provided that four, or 
even only three of the transverse copper bands leading under 
the beams to the copper sheathing remained, as these would 
afford ample means for the dispersion of the electricity. 

s There would be no danger whatever from the electric 
discharge being thus deflected at right angles from the perpendi- 
cular line, as it would always take the line of least resistance, 
and is totally independent of momentum.” 

Professor Wheatstone stated, that“ if, for the sake of 
economy, the conductors were carried no further than the 
lowest deck instead of to the keelson, he was of opinion that 
the transverse copper plates under the beams, if connected 
with the copper sheathing by conductors of sufficient capacity, 
would afford ample means for carrying off the electricity, and 
that there could be no objection to such an alteration, provided 
always the continuity could be equally well maintained.” 

The reduction in the expense of fitting the conductors on 
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this plan, as compared with the former account, is shewn in 
the following estimate, viz, :— 


To the To the 

Lower Deck. Keelson. 

Total Cost. Total Cost. 
£. 
First- rates 229 
Second- rates 218 
Third- rates 206 
Fourth- rates 191 
Fiftb- rates 171 
Sixtbh-rates facies 136 
Sloopss (( 88 
Brigg... 79 


By this plan of abbreviating the conductors, a reduction of 
about one-seventh of the expense of fitting ships would be 
effected ; and as there appears to be no objection on scientific 
grounds, it may be resorted to as a safe expedient in cases of 
emergency. But we still would beg to recommend that the 
copper plates be carried down to the keelson, in all ships 
which may be built or docked in future. 

Thirdly. The number of conductors required in each 
ship. 

e question of the necessity of having conductors fitted 
to each mast and the bowsprit depends upon the confidence 
to be placed in the supposition that a conductor protects 
within a radius of double its own length, a supposition which 
may be considered to stand in need of confirmation by further 
experience. 

stormy weather, when accidents are most likely to occur, 
a ship may carry away a mast, and if not fitted with a con- 
ductor to each, might possibly be exposed at a moment when 
protection was most needed. 

Professors Faraday and Wheatstone were of opinion, “ that 
extreme cases should be provided for,” and we would therefore 
recommend that the three masts as well as the bowsprit should 
be always fitted with the conductors. 

While concluding our remarks on the mode of applying 
Mr. Harris’s conductors, we beg to state to their Dordahie 
that though it is our decided conviction that no danger is to be 
feared from the assumed lateral explosion, yet if it be deemed 
advisable, for the sake of obviatmg any doubts which may 
still exist in the minds of some, we see no sl be whatever 
to the copper plates on the fore-mast being placed on the fore 
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part of the mast, whereby the mast itself will intervene 
between the conductors and the magazine. 

Having now completed our remarks on the several points 
to which their Lordships’ instructions directed our attention, 
we trust we have shewn, from the evidence of facts derived 
from the experience of many years, as well as by the opinions 
not only of scientific, but professional, men, the efficacy of Mr. 
Harris’s lightning conductors; and considering the number of 
lives which have been lost by lightning ; the immense amount 
of property which has been destroyed, as shewn by Mr. 
Harris, and is still exposed without adequate protection ; the 
inconvenience which has arisen, and is still liable to arise, from 
the loss of the services of ships at moments of great critical 
importance; the difficulty of procuring new spars in times of 
war on foreign stations, (not to mention the great expense of 
wages and victuals for the crews of ships while rendered use- 
less till repaired; we again beg to state our unanimous 
opinion of the great advantages possessed by Mr. Harris’s 
conductors above every other plan, affording permanent 
security at all times, and under all circumstances, against the 
injurious effects of lightning, effecting this protection without 
any nautical inconvenience or scientific objection whatever, 
and we therefore most earnestly recommend their general 
adoption in the Royal Navy, 

We have &c. (signed) 
A. M. Grirritus, Rear-Admiral. 
Jas. A. Gorpon, Rear-Admiral. 
Jas. CLARKE Ross, Captain. 
J. F. DANIELL, Professor of Chemistry. 
Jno. Fincuam, Master Shipwright. 


II. A Letter to Professor Faraday, on certain Theoretical 
Opinions. By R. Hare, M. D., Professor of Chemistry 
in the University of Pennsylvania.“ 


Dear Sir, 


I have been indebted to your kindness for several pamphlets 
comprising your researches in electricity, which I have perused 
with the greatest degree of interest. 

You must be too well aware of the height at which you 
stand, in the estimation of men of science, to doubt that I 


* Communicated by the Author, 
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entertain with diffidence, any opinion in opposition to yours. 
I may say of you as in a former instance of Berzelius, that 
you occupy an elevation inaccessible to unjustifiable criticism. 
Under these circumstances, I hope that I may, from you, 
experience the candor and kindness which were displayed by 
the great Swedish chemist in his reply to my strictures on his 
nomenclature. , 

I am unable to reconcile the language which you hold in 
paragraph 1615, with the fandamental position taken in 1155. 
Agreeably to the latter, you believe ordinary induction to be 
the action of contiguous particles, consisting of a species of 
polarity, instead of being an action of either particles or 
masses at sensible distances.” Agreeably to the former, 

ou conceive that “assuming a perfect vacuum was to 
intervene in the course of the line of inductive action, it 
does not follow from this theory that the line of particles on 
opposite sides of such a vacuum would not act upon each 
other.” Again, supposing ‘it possible for a positively elec- 
trified particle to be in the centre of a vacuum an inch in 
diameter, nothing in my present view forbids that the particle 
should act at a distance of half an inch on all the particles 
forming the disk of the inner superficies of the bounding 

here.” 
yee these quotations before you for reconsideration, I 
beg leave to inquire how a positively excited particle, situated 
as above described, can react ‘‘inductrically” with any par- 
ticles in the superficies of the surrounding sphere, if this 
species of reaction require that the particles between which it 
takes place be contiguous. Moreover if induction be not 
« an action either of particles or masses at sensible distances, 
how can a particle situated as above described, act at the 
distance of half an inch on all the particles forming the disk 
of the inner superficies of the bounding sphere?” What is a 
sensible distance, if half an inch is not? 

How can the force thus exercised obey the“ well known 
law of the squares of the distances,” if as you state (1375) the 
rarefaction of the air does not alter the intensity of the induc- 
tive action? In proportion as the air is rarefied, do not its 
particles become more remote? 

Can the ponderable particles of a gas be deemed contiguous 
in the true sense of this word, under any circumstances? And 
it may be well here to observe, that admitting induction to 
arise from an affection of intervening ponderable atoms, it is 
difficult to conceive that the intensity of this affection will be 
inversely as their number as alleged by you. No such law holds 
good in the communication of heat. The air in contact with 
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a surface at a constant elevation of temperature, such for 
instance as might be supported by boiling water, would not 
become hotter by being rarefied, and consequently could not 
become more efficacious in the conduction of heat from the 
heated surface to a colder one in its vicinity. 

As soon as I commenced the perusal of your researches on 
this subject, it occurred to me that the passage of electricity 
through a vacuum, or a highly rarefied medium, as demon- 
strated by various experiments, and especially those of Davy, 
was inconsistent with the idea that ponderable matter could 
be a necessary agent in the process of electrical induction. I 
therefore inferred that your efforts would be primarily directed 
to a re-examination of that question. 

If induction, in acting through a vacuum, be propagated 
in right lines, may not the curvilinear direction which it pur- 
sues, when passing through dialectrics,” be ascribed to the 
modifying influence which they exert ? 

If, as you concede, electrified particles on opposite sides of 
a vacuum can act upon each other, wherefore is the received 
theory of the mode in which the excited surface of a Leyden 
jar induces in the opposite surface, a contrary state, objec- 
tionable ? 

As the theory which you have proposed, gives great im- 
portance to the idea of polarity, I regret that you have not 
defined the meaning which you attach to this word. As you 
designate that to which you refer, as a species of polarity,” 
it is presumable that you have conceived of several kinds with 
winch ponderable atoms may be endowed. I find it difficult to 
conceive of any kind which may be capable of as many degrees 
of intensity as the known phenomena of electricity require ; 
especially according to your opinion that the only difference 
between the fluid evolved by galvanic apparatus and that 
evolved by friction, is due to opposite extremes in quantity 
and intensity ; the intensity of electrical excitement producible 
by the one, being almost infinitely greater than that which 
can be produced by the other. hat state of the poles can 
constitute quantity—what other state of intensity, the same 
matter being capable of either electricity, as is well known to 
be the fact? Would it not be well to consider how, con- 
sistently with any conceivable polarization, and without the 
assistance of some imponderable matter, any great difference 
of intensity in inductive power, can be created ? 

When by friction the surface is polarized so that particles 
are brought into a state of constraint from which they endea- 
vor to return to their natural state, if nothing be superadded 
to them, it must be supposed that they have poles capable of 
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existing in two different positions. In one of these positions, 
dissimilar poles coinciding, are neutralized ; while in the other 
position, they are more remote, and consequently capable of 
acting upon other matter. 

But I am unable to imagine any change which can admit 
of gradations of intensity, increasing with remoteness. I can- 
not figure to myself any reaction which increase of distance 
would not lessen. Much less can I conceive that such 
extremes of intensity can be thus created, as those of which 
you consider the existence as demonstrated. It may be sug- 
gested that the change of polarity produced in particles by 
electrical inductions, may arise from the forced approximation 
of reciprocally repellent poles, so that the intensity of the in- 
ductive force, and of their effort to return to their previous 
situation, may be susceptible of the gradation which your 
electrical doctrines require. But could the existence of such 
a repellent force be consistent with the mutual cohesion which 
appears almost universally to be a property of ponderable 
particles? I am aware that, agreeably to the ingenious hy- 
pothesis of Mossotti, repulsion is an inherent property of the 
particles which we call ponderable ; but then he assumes the 
existence of an imponderable fluid to account for cohesion ; 
and for the necessity of such a fluid to account for induction 
it is my ultimate object to contend. I would suggest that it 
can hardly be expedient to ascribe the phenomena of electri- 
city to the polarization of ponderable particles, unless it can 
be shewn that if admitted, it would be competent to produce 
all the known varieties of electric excitement, whether as to 
its nature or energy. 

If I comprehend your theory, the opposite electrical state 
induced on one side of a coated pane, when the other is 
directly electrified, arises from an affection of the intervening 
vitreous particles, by which a certain polar state caused on 
one side of the pane, induces an opposite state on the other 
side. Each vitreous particle having its poles severally in 
opposite states, they are arranged as magnetized iron flings 
in lines; so that alternately opposite poles are presented in 
such a manner that all of one kind are exposed at one surface, 
and all of the other kind at the other surface. Agreeably to 
tbis or any other imaginable view of the subject, I cannot 
avoid considering it inevitable that each particle must have at 
least two poles. It seems to me that the idea of polarity re- 
quires that there shall be in any body possessing it, two 
opposite poles. Hence you correctly allege that agreeably to 
your views it is impossible to charge a portion of matter with 
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one electric force without the other. (See par. 1177.) But 
if all this be true, how can there be a “ positively excited par- 
ticle?” (See par.1616.) Must not every particle be excited 
negatively, if it be excited positively? Must it not have a 
negative, as well as a positive pole ? 

I cannot agree with you in the idea that consistently with 
the theory which ascribes the phenomena of electricity to one 
fluid, there can ever be an isolated existence either of the 
positive or negative state. Agreeably to this theory, any ex- 
cited space, whether minus or plus, must have an adjoining 
space relatively in a different state. Between the phenomena 
of positive and negative excitement there will be no other 
distinction than that arising from the direction in which the 
fluid will endeavor to move. If the excited space be positive, 
it must strive to flow outward; if negative, it will strive to 
flow inward. When sufficiently intense, the direction will be 
shewn by the greater length of the spark, when passing from 
a small ball to a large one. It is always longer when the 
small ball is positive, and the large one negative, than when 
their positions are reversed.* 

But for any current it is no less necessary that the pressure 
should be on one side comparatively minus, than that on the 
other side, it should be com 1 plus; and this state of 
the forces must exist whether the current originates from a 
hiatus before, or from pressure behind. One current cannot 
differ essentially from another, however they may be pro- 
duced. 

In paragraph 1330, I have been struck with the following 
query, What then is to separate the principle of these ex- 
tremes, perfect conduction and perfect insulation, from each 
other; since the moment we leave the smallest degree of 
perfection at either extremity, we involve the element of per- 
fection at the opposite ends?” Might not this query be made 
with as much reason in the case of motion and rest, between 
the extremes of which there is an infinity of gradations? If 
we are not to confound motion with rest, because in proportion 
as the former is retarded, it differs less from the latter; 
wherefore should we confound insulation with conduction, 
because in proportion as the ‘one is less efficient, it becomes 
less remote from the other? 

In any case of the intermixture of opposite qualities, may 
it not be said in the language which you employ “ the moment 
we leave the element of perfection at one extremity, we in- 


* See vol. 1. p. 489, of these Annals. 
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volve the element of perfeetion at the opposite.” Might it not 
be said of light and darkness, or of opaqueness and translu- 
cency ; in which case to resort to your language again, it 
might be added “especially as we have not in nature, a case 
of perfection at one extremity or the other.” But if there be 
not in nature, any two bodies of which one possesses the pro- 
perty of perfectly resisting the passage of electricity, while the 
other is endowed with the faculty of permitting its passage 
without any resistance ; does this affect the propriety of con- 
sidering the qualities of insulation and conduction in the 
abstract, as perfectly distinct, and inferring that so far as 
matter may be endowed with the one property, it must be 
wanting in the other ? 

Have you ever known electricity to pass through a pane 
of sound glass? My knowledge and experience create an 
impression that a coated pane is never discharged through the 
glass unless it be cracked or perforated. That the property 
by which glass resista the passage of electricity, can be con- 
founded with that which enables a metallic wire to permit of 
its transfer, agreeably to Wheatstone’s experiments, with a 
velocity greater than that of the solar rays, is to my mind 
inconceivable. 

You infer that the residual charge of a battery arises from 
the partial penetration of the glass by the opposite excite- 
ments. But if glass be penetrable by electricity why does it 
not pass through it without a fracture or perforation ? 

According to your doctrine, induction consists“ in a forced 
state of polarization in contiguous rows of the particles of the 
glass” (1300); and since this is propagated from one side to 
the other, it must of course exist equally at all depths. Yet 
the partial penetration suggested by you, supposes a collateral 
affection of the same kind, extending only to a limited depth. 
Is this consistent? Is it not more reasonable to suppose that 
the air in the vicinity of the coating gradually relinquishes to 
it a portion of free electricity, conveyed into it by what you 
call convection.” The coating being equally in contact with 
the air and glass, it appears to me more easy to conceive that 
the air might be penetrated by the excitement, than the glass. 

In paragraph 1300, I observe the following statement: 
s When a Leyden Jar is charged, the particles of the glass 
are forced into this polarized and constrained condition by 
the electricity of the charging apparatus. Discharge is the 
return of the particles to their natural state, from their state 
of tension, whenever the two electric forces are allowed to be 
disposed of in some other direction.” As you have not pre- 
viously mentioned any particular direction in which the forces 
Vor. V.—No. 25, July, 1840. 
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are exercised during the prevalence of this constrained con- 
dition, J am at a loss as to what meaning I am to attach to 
the words „some other direction.” The word some, would 
lead to the idea that there was an uncertainty respecting the 
direction in which the forces might be disposed of ; whereas 
it appears to me that the only direction in which they can 
operate, must be the opposite of that by which they have 
been induced. 

The electrified particles can only “return to their natural 
state” by retracing the path by which they departed from it. 
I would suggest that for the words ‘ to be disposed of in some 
other direction, it would be better to substitue the following, 
“© to compensate each other by an adequate communication.” 

Agreebly to the explanation of the phenomenon of coated 
electrics afforded in the paragraph above quoted (1300), by 
what process can it be conceived that the opposite polariza- 
tion of the surfaces can be neutralized by conduction through 
a metallic wire? If I understand your hypothesis correctly, 
the process by which the polarization of one of the vitreous 
surfaces in a pane produces an opposite polarization in the 
other, is precisely the same as that by which the electricity 
ee to one end of the wire extends itself to the other end. 

cannot conceive how two processes severally producing 
results so diametrically opposite as insulation and conduction, 
can be the same. By the former, a derangement of the elec- 
tric equilibrium may be permanently sustained, while by the 
other, all derangement is counteracted with a rapidity almost 
infinite. But if the opposite charges are dependent upon a 
polarity induced in contiguous atoms of the glass, which 
endures so long as no communication ensues between the sur- 
faces; by what conceivable process can a perfect conductor 
cause a discharge to take place, with a velocity at least as 
great as that of the solar light? Is it conceivable that all the 
limes of “ contra-induction” or depolarization can concentrate 
themselves upon the wire from each surface so as to produce 
therein an intensity of polarization proportioned to the con- 
centration ; and that the opposite forces resulting from the 
polarization are thus reciprocally compensated? I must 
confess, such a concentration of such forces or states, is to me 
difficult to reconcile with the conception that it is at all to be 
ascribed to the action of the rows of contiguous ponderable 
particles. 

Does not your hypothesis require that the metallic particles, 
at opposite ends of the wire, shall in the first instance be 
subjected to the same polarization as the excited particles of 
the glass; and that the opposite polarizations, transmitted to 
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some intervening point, should thus be mutually destroyed, 
the one by the other? But if discharge involves a return to 
the same state in vitreous particles, the same must be true in 
those of the metallic wire. Wherefore then are these dis- 
sipated, when the discharge is sufficiently powerful? ‘Their 
dissipation must take place either while they are in the state 
of being polarized, or in that of returning to their natural 
state. But if it happen when in the first mentioned state, 
the conductor must be destroyed before the opposite polariza- 
tion upon the surfaces can be neutralized by its intervention. 
But if not dissipated in the act of being polarized, is it reason- 
able to suppose that the metallic particles can be sundered by 
returning to their natural state of depolarization ? 

Supposing that ordinary electrical induction could be satis- 
factorily ascribed to the reaction of ponderable particles, it 
cannot, it seems to me, be pretended that magnetic and 
electro-magnetic induction is referable to this species of re- 
action. It will be admitted that the Faradian currents do not 
for their production require intervening ponderable atoms. 

From a note subjomed to page 37 of your pamphlet, it 
appears that on the question of the existence of one or more 
imponderable fluids as the cause of electrical phenomena, it 
has not been you intention to decide.” I should be much 
gratified if any of the strictures in which I have been so bold 
as to indulge, should contribute to influence your ultimate 
decision. ` 

It appears to me that there has been an undue disposition 
to burden the matter, usually regarded as such, with more 
duties than it can perform. Although it is only with the pro- 
perties of matter that we have a direct acquaintance, and the 
existence of matter rests upon a theoretic inference that since 
we perceive properties, there must be material particles to 
which those properties belong; yet there is no conviction 
which the mass of mankind entertain with more firmness than 
that of the existence of matter in that ponderable form, in 
which it is instinctively recognized by people of common 
sense. Not perceiving that this conviction can only be sup- 
ported as a theoretic deduction from our perception of the 
properties; there is a reluctance to admit the existence of 
other matter, which has not in its favor the same instinctive 
conception, although theoretically similar reasoning would 
apply. But if one kind of matter be admitted to exist 
because we perceive properties, the existence of which cannot 
be otherwise explained, are we not warranted, if we notice 
more properties than can reasonably be assigned to one kind 
of matter, to assume the existence of another kind of matter ? 
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Independently of the considerations which have heretofore 
led some philosophers to suppose that we are surrounded by 
an ocean of electric matter, which by its redundancy or defi- 
ciency, is capable of producing the phenomena of mechanical 
electricity, it has appeared to me inconceivable that the phe- 
nomena of galvanism and electro-magnetism, latterly brought 
into view, can be satisfactorily explained without supposing 
the agency of an intervening imponderable medium by whose 
subserviency the inductive influence of currents or magnets is 
propagated.* If in that wonderful reciprocal reaction between 
masses and particles, to which I have alluded, the polarization 
of condensed or accumulated portions of intervening impon- 
derable matter, can be Grouch in as a link to connect the 
otherwise imperfect chain of causes; it would appear to me a 
most important instrument in lifting the curtain which at 
present hides from our intellectual vision, this highly impor- 
tant mechanism of nature. 

Having devised so many ingenious experiments tending to 
show that the received ideas of electrical induction are inade- 
quate to explain the phenomena without supposing a modify- 
ing influence in intervening ponderable matter, should there 
prove to be cases in which the results cannot be satisfactorily 
explained by ascribing to them ponerable particles, I hope 
that you may be induced to review the whole ground, in order 
to determine whether the part to be assigned to contiguous 
ponderable particles, be not secondary to that performed by 
the imponderable principles by which they are surrounded. 

But if galvanic phenomena be due to ponderable matter, 
evidently that matter must be in a state of combination. To 
what other cause than an intense affinity between it and the 
metallic particles with which it is associated, can its confine- 
ment be ascribed consistently with your estimate of the enor- 
mous quantity which exists in metals? If a grain of water 
or a grain of zinc, contain as much of the electric fluid as 
would supply eight hundred thousand charges of a battery 
containing a coated surface of fifteen hundred square inches,” 
how intense must be the attraction by which this matter is 
confined? In such cases, may not the material cause of elec- 


This view is precisely that which we have given at page 270, vol. I, of these 
Annals; and, consequently, in strict conformity with the theory of electro- 
magnetism and magnetic - electricity, which we have there explained. We are 
glad to find an acknowledgement «f the principles of our theory from so eminent 
an experimental philosopher as Dr. Hare; it gives us some hopes that it will 
soon be more generally acknowledged as affurding the simplest and most 
natural mode of explaining electro-magnetic and magnetic-electrical pheno- 
mena, that has hitherto been offered to the notice of philosophers.—Epir. 
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tricity be considered as latent, agreeably to the suggestion of 
Ersted, the founder of electro-magnetism? It is in combi- 
nation with matter, and only capable of producing the appro- 
priate effects of voltaic currents when in act of transfer trom 
combination with one atom to another; this transfer being at 
once an effect and a cause of chemical decomposition, as you 
have demonstrated. 

If polarization, in any form, can be conceived to admit of 
the requisite gradations of intensity, which the phenomena 
seem to demand; would it not be more reasonable to suppose 
that it operates by means of an imponderable fluid existing 
throughout all space, however devoid of other matter? May 
not an electric current, so called, be a progressive polariza- 
tion of rows of the electric particles, the polarity being pro- 
duced at one end and destroyed at the other incessantly, as I 
understood you to suggest in the case of contiguous ponderable 
atoms. 

When the electric particles within different wires are polar- 
ized in the same tangential direction, the opposite poles being 
in proximity, there will be attraction. When the currents 
of polarization move oppositely, similar poles coinciding, there 
will be repulsion. The phenomena require that the mag- 
netized or polarized particles should be arranged as tangents 
to the circumference, not as radii to the axis. Moreover, the 
progressive movement must be propagated in spiral lines in 
order to account for rotatory influence. 

Between a wire which is the mean of a galvanic discharge, 
and another not making a part of a circuit, the electric matter 
which intervenes may, by undergoing a polarization, become 
the medium of neodacitig a progressive polarization in the 
second wire moving in à direction opposite to that in the 
inducing wire; or in other words an electrical current of 
the species called Faradian may be generated. 

By progressive polarization in a wire, may not stationary 
polarization, or magnetism be created; and reciprocally by 
magnetic polarity, may not progressive polarization be excited? 

Might not the difficulty, above suggested, of the incompe- 
tency of any imaginable polarization to produce all the varie- 
ties of electrical excitement which facts require for explanation, 
be surmounted by supposing intensity to result from an accu- 
mulation of free electric polarized particles, and quantity from 
a still greater accumulation of such particles, polarized in a 
latent state or in chemical combination? 

There are, it would seem, many indications in favour of 
the idea that electric excitement may be due to a forced po- 
larity, but in endeavouring to define the state thus designated, 
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or to explain by means of it the diversities of electrical charges, 
currents and effects, I have always felt the incompetency of 
any hypothesis which I could imagine. How are we to ex- 

lain the insensibility of a gold leaf electroscope, to a galvan- 
ized wire, or the indifference of a magnetic needle to the most 
intensely electrified surfaces ? 

Possibly the Franklinian hypothesis may be combined with 
that above suggested, so that an electrical current may be 
constituted of an imponderable fluid in a state of polarization, 
the two electricities being the consequence of the position of 
the poles or their presentation. Positive electricity may be 
the result of an accumulation of electric particles, presenting 
poles of one kind; negative, from a like accumulation of the 
same matter with a presentation of the opposite poles, inducing 
of course an opposite polarity. ‘The condensation of the elec- 
tric matter, within ponderable matter, may vary in obedience 
to a property analagous to that which determines the capacity 
for heat, and the different influence of dialectrics upon the 
process of electrical induction may arise from this source of 
variation. 

With the highest esteem, I am yours truly, 
Rosert Hare. 


— 


III. Description of a New Electrotome. By 
Tuomas W RIGHT, Esq. In a Letter to the Editor. 
Sir, 

I have lately contrived a self- acting Electro- tome, an account 
of which I send you herewith, in hope that you may think it 
worthy of insertion in your valuable journal. 

am, Sir, 
Yours respectfully, 
Tuomas WRIGHT. 
Knutsford, 24th March, 1840. 


In fig. I. pl. 1, A is the end of an electro-magnetic coil, to 
which it isdesired toapply the Electro-tome, Bisa block of wood 
morticedinto the foot-board of the machine, through which pass 
the small brass bars C Dand E F; at D is soldered a copper wire, 
which is bent round the end of the bar E F, so as to form a 
spring pressing on the same at G; to the end of the spring at 
6 is soldered a piece of tinned iron H, one inch broad and 
three inches long, bent in a U form as shewn at I. On the 
bar C D is a binding screw at D, and one end of the primal 
wire of the coil is soldered to E. 

To put the machine in action, one of the poles of a battery 
is screwed into D, and the other to the unattached end of the 
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primal wire; by this means the current passes along D G E, 
through the coil, and out at L, magnetizing the core of iron 
wires in the coil, these immediately attract the piece of tinned 
iron H, and thus contact is broken at G with inconceivable 
rapidity: indeed, when the spring is bent close, and the mag- 
net is approximated very nearly to the wires, the motion of 
the break produces a continued loud hum; the shocks how- 
ever are not so strong as when the magnet is further from the 
break, and more time thus allowed for the developement of 
magnetism in it. 

The electro-magnet which I employ is formed of a bundle 
of annealed iron wires, two feet long and about half an inch 
in diameter; over this is coiled forty yards of copper wire, 
1-10th of an inch thick, (this is too thick when 1 battery 
is intended to be used,) and over this, soldered to it, and 
forming one continuous coil, are wrapped 100 yards of copper 
wire, 1-15th of an inch thick; the battery connexions are 
made with the ends of the primal or thick wires; the shocks 
and decompositions are obtained from the whole length. 

The primal current of this magnet gives a strong shock ; 
(even with three square inches of zinc in the battery described 
hereafter ;) the shock from the whole length is however intol- 
erable, when the ends of the wires are touched with small 
pieces of tinned iron held between the dry tips of the finger 
and thumb of each hand; and when the cylindrical conductors 
attached to the machine are held 1 with dry hands, a 
continued crackling is heard, as if the electric fluid was pass- 
ing through the thin space of air between the conductors and 
the hands.“ 

Mercury must not on any account be used as part of the 
electro-tome to the above coil, as the greater part of the 
secondary current passes in the dense and vaporous spark, 
occasioned by the combustion of that metal. 

Instead of copper in the no I use common tea-chest lead, 
which I find to answer better. It is prepared by cutting strips 
of it in the form of a feather, so as to offer a great number of 
points for the conduction of the electric fluid, these are then 
placed round the inside of a jar, and the ends turned over the 
rim, and bound in their places with a bright copper wire firmly 
twisted round them, to serve as negative conductor. ‘lhe 
zinc and diaphragms as in Damiels, the solutions as in Mullin’s 
batteries. 


Since the receipt of this letter, we have been favored with a sight of Mr. 
Wright’s very neat instrument, at the Royal Victoria Gallery of Practical 
Science, Manchester; and can testify as to its powers fully answering to the 
description.—E pit. 
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IV.—Description of a New Electro-magnetic Machine 
By Tuomas WRICHT, Esq. In a Letter to the Editor. 


Dear Sir, 

The following description of an Electro-magnetic Machine 
will, 1 hope, prove interesting to the readers of your 
„Annals.“ 

I am 
Yours respectfully, 


Tuomas Wricurt. 
Knutsford, March 28, 1840. 


Fig. 2, gives asectional view of the apparatus. It consists 
of two concentric cylinders of copper joined together at the 
bottom; the inner one A encloses an electro-magnetic coil, 
the end of the bobbin appearing at the top. The dotted lines 
represent concentric cylinders of porous earthenware, with a 
cylinder of zinc between them. ‘lo the cylinder A is soldered 
a wire at B, bearing a U shaped piece of tinned iron at its 
extremity, and pressing with a slight spring against C, which 
is a bent brass bar in conjunction with one end of the primal 
coil. D is the other end of the primal coil attached by a bind- 
ing screw to the zinc; this is a modification of my self-acting 
electro-tome. The primal and thin coils are joined to form 
one coil: the end of the thin coil is attached to the binding 
screw on the bobbin at E. The shock is taken from thin 
spirals attached to C and E; sparks, &c, from wires attached 
to C and D. 

Professor Henry has found that electric induction does not 
take pe (or very imperfectly) when a closed circuit is inter- 
posed between the primal and superimposed coils; but I have 
not seen it remarked that magnetic induction follows the 
same law. ‘Lhe following experiment however seems to shew 
that it does :— 

Being desirous of getting rid of the oxidizing spark which 
takes place on the breaking of the battery current, I joined 
the two brass bars of the electro-tome, described in my last 
letter with a fine iron wire two yards long,* in hopes that the 
secondary current, on account of its superior intensity, would 
pass through it, though the battery current could not. This 
answered my expectation fully; the break continued to work 
as usual, and the spark 5 entirely. [This experi- 
ment was performed in the dark. ] 


e I am afraid I shall be thought pedantie if I call this wire the ““deaterode,” 
or “ path of the secondary ” current, but as I hope to make ita source of utility 
115 another course of experiments, I have thought it advisable to give it a spe- 
cific name. 
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I then took hold of the ends of the super-imposed coil, and 
was much surprised to find that it did not give the slightest 
shock, even when its extremities were placed in the mouth: 
thinking that the insulation must be imperfect, I disjoined the 
“ denterode,” the shocks were then as powerful as usual, but 
on joining it again they instantly ceased. 
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V. Description of an Electro-magnetic Engine. — 

By Mr. URIAH CLARKE. In a Letter to the Editor. 

Sir, 

Enclosed I send you (for publication in the Annals, if you 
please,) a drawing and description of, as I think, an original 
mode of applying voltaic agency for the purpose of acquiring 
motive power. Among the varied forms of rotatory move- 
ments, hitherto made public, I believe the general principle 
has been to apply the magnetic action in a lateral manner. 
This circumstance, together with the very limited sphere of 
action of even the most powerful magnets, has, perhaps, been 
the cause why large machines and small ones have been so 
disproportioned in their effects, that the latter seem to furnish 
no data for calculating the power of the former. 

In the machine which I am about to describe to you, the 
magnet is made to act in a direct manner upon a reciprocating 
bar, which bar communicates its motion to a crank, just at the 
most favorable point, viz., when it (the crank) is nearly in a 
horizontal position, and when the bar is making a close ap- 
proach to the magnet ; consequently, the most intense action 
of the magnet is applied to the crank in that part of its revo- 
lution where it is most effective. Now, a slight consideration 
of the principle of the crank will shew the importance of this 
object, which is obtained by joining the reciprocating bar to 
the crank, by means of a chain, or other flexile communica- 
tion. (How far this principle may be applicable for maxim- 
izing the effect of a given power upon cranks generally, I leave 
with mechanics to determine — it is indispensable here.)— 
When the crank has moved below the horizontal position, the 
reciprocating bar falls upon a rest, which prevents any per- 
cussion taking place on the ends of the magnet. The bar 
remains upon the rest until the crank has made the lower 
part of its revolution, during which time contact with the bat- 
tery is broken, and the bar, of course, is disengaged from the 
magnet; it (the bar) is then lifted by the crank, as it passes 
over the centre, when battery communication being again 
made, another impulse is given. It will, no doubt, occur to 
VoL. V.—No. 25, June, 1840. E 
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you, that a number of magnets may be used with a succession 
of cranks. I trust that figure 3, plate 1, will be sufficiently 
intelligible. A is the chain communicating between the bar 
and crank. B is the reciprocating bar, and C is the electro- 
magnet. The break is here omitted to avoid confusion. I 
effect it by means of a small eccentric upon the shaft of the 
fly-wheel. I would observe, in conclusion, that the above 
contrivance is not a mere embryo of the mind; for I have now 
a working model in actual operation, whiclr 1 invented nearly 
two years ago. It has been at work occasionally for the last 
eighteen months, and, as I have made no secret of it, it has 
been seen by a great number of professional gentlemen and 
scientific friends, amongst whom I take the liberty of naming 
a friend and correspondent of yours, Mr. James Mitchell, of 
this place. 
I am, Sir, 
Very respectfully yours, 
URIAH CLARKE. 
Leicester, March 16th, 1840. 


VI. — On the new Metal Latanium. By James C. Bootu 
AND CAMPBELL MorritT. 
[From the Journal of the Franklin Institute.] 


A notice of the discovery of this element having already 
appeared in one of our Scientific Journals, it occurred to us 
that an account of some of our experiments with it might pre- 
sent a subject of sufficient interest to the readers of the 
Institute Journal. 

The name is derived from the Greek ħavrarsıv, to lie hid ;* 
it is called in Swedish and German, Lantan, but in English 
Latanium, for the sake of euphony and in accordance with the 

enerally received termination of the names of the elements. 
The e method of obtaining cerium by precipitation 
with the bisulphate of potassa, threw down a bi-salt of Lata- 
nium at the same time, the latter constituting two-fifths of 
the whole saline mass. The method of separating the two 
depends on the ready solubility of oxide of latanium in dilute 
acid after ignition, a property lost by cerium under the same 
circumstances. From its nitric solution, it may be best 
thrown down as a white, chrystaline carbonate, by carbonate 
of ammonia, and from this its other compounds may be formed. 
The dry chloride heated with potassium was reduced to a 
grey metallic powder possessing a dark lead-color, and capa- 


* From its concealinent hitherto in the compounds of cerium, 
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ble of being flattened together by pressing. It is slowly con- 
verted into oxide in the air, and in cold water into a hydrated 
oxide with the evolution of hydrogen. An effervescence takes 
place in hot water. 

It bas two isomeric states. The ordinary salts possess a 
faint reddish tinge, but when the yellowish red oxide is heated 
in hydrogen gas, it becomes white with a faint shade of green, 
and dissolves with more difficulty in acids, forming salts which 
possess a greenish hue. 

With bisulphate of potassa it forms a slowly soluble salt, 
which, however, does not precipitate like the corresponding 
salt of cerium, unless the latter be also present in the solu- 
tion. Its atomic weight is lower than that adopted for the 
oxide of cerium. 

The above notice is mainly extracted from Berzelius’ letter 
to Poggendorff, published in Nos. 4 and 5 of Poggend. An- 
nals for the present year. Our experiments were as follows: 

Having prepared the sulphate of cerium and potassa by the 
ordinary methods from the mineral cerite, it was dissolved in 
a large quantity of boiling water, and the hydrated oxides of 
cerium and latanium precipitated by caustic potassa. These 
were dissolved in nitric acid after being thoroughly washed, 
evaporated to dryness, and heated in a platinum crucible until 
all the nitric acid was expelled. The oxides remained of a 
light reddish brown color, and were transferred to a glass con- 
taining nitric acid diluted with 60 to 80 times as much water. 
After digesting about two hours in a gentle warmth, the 
latanium was dissolved and oxide of cerium remained of a 
reddish-brown color. The solution treated with caustic po- 
tassa threw down the white hydrated oxide of latanium, 
much more bulky and gelatinous in appearance than alumina. 
It is exceedingly difficult, if not impossible, to wash it out 
thoroughly, for after edulcoration for several days, the liquid 
passing through the filter still gave indications of a solid mat- 
ter, and almost led to the belief that the oxide was slightly 
soluble in water. 

On re-dissolving hydrated oxide in nitric acid, evaporating 
to dryness, and heating to redness, the dry oxide remained 
of a brick-red color, differing therefore from the oxide of ce- 
rium by a lighter hue, and by containing less of a brownish 
shade. On treating this oxide as before with very dilute 
nitric acid, a small portion of oxide of cerium remained, prov- 
ing that this mode of separating the two metals is not ac- 
curate, and that we must await further experiments for the 
discovery of a more perfect method. 

Carbonate of latanium, as thrown down by carbonate 
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of soda, is a voluminous white precipitate, and, like the 
hydrated oxide, very difficult of edulcoration, for after obtain- 
ing the chloride from it, crystals of common salt were also 
visible. Agreeably to the observations of Mosander, there- 
fore, the carbonate of ammonia is the best precipitant. 

Sulphate of latanium is readily formed by the solution of 
the oxide, or carbonate, in dilute sulphuric acid, evaporation 
to a small bulk by heat and exposure to self-evaporation, while 
delicate needles of a flesh-red color collect in little groups on 
the bottom of the capsule. 

The chloride is similarly formed by means of chloro-hydric 
acid and evaporation. It forms a light yellowish green crys- 
taline mass, in which no determinate form was observed. 

The quantity of latanium in our possession was so smaH, 
amounting only to a few grains, that the operations were ne- 
cessarily conducted slowly, and prevented our pursuing them 
quantitatively. Should we be enabled to obtain a larger 
amount, we may give more interesting results, without, how- 
ever, trespassing on the field legitimately belonging to the 
discoverer. 


— =e 


VII. Remarks on the Imperfect Elasticity of Glass Threads 
used in Torsion Instruments. By W. H. Goons, 
Chemical Assistant in the Laboratory of the University 
of the City of New York. 


[From the Journal of the Franklin Institute.] 


From the superior elasticity which glass enjoys over most 
substances, particularly the metals, threads of this material 
have replaced the metallic wires with which the needles of 
torsion instruments were at first suspended. The late Dr. 
Ritchie employed them in his improved torsion galvanometer, 
which emulates the torsion balance of Coulomb, for accuracy 
in measuring small forces. It is necessary, however, to the 
perfection of torsion instuments, that the elasticity of the 
thread of suspension, though a feeble, should be a constant 
force; and also that the thread itself should suffer no altera- 
tion of its conditions by the amount of force exerted upon it. 
Periectly elastic substances only, fulfil these requirements; on 
all imperfectly elastic bodies torsion acts irregularly, and im- 
presses a change upon them which prevents their return to 
their normal position, after it has been removed; such, for 
example, is the change effected in the conditions of metallic 
wires, filaments of silk, hair, &c., which, being imperfectly 
elastic, fail to return to zero when released from torsion. 
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The impression has become general that threads of glass, 
of a certain degree of tenuity, unlike the substances already 
mentioned, are not permanently affected by force exerted on 
them; but are capable always of regaining their original po- 
sition ; their elasticity is therefore considered to be perfect,— 
and measures effected with instruments to which they are 
adjusted, rigidly accurate. Having observed that the ncedle 
of a galvanometer suspended by a glass thread did not return 
to zero, after the instrument had been employed in a series 
of observations, it became a subject of enquiry to ascertain 
the source of error. For this purpose, threads of different 
diameters were suspended, in a manner similar in all respects, 
to that of a torsion balance. Two small uprights were placed 
on opposite sides of the little glass needle, near its opposite 
ends, which served as obstacles to it when torsion was made, 
and prevented it from rotating along with the micrometer. 
On some point of the thread, another little glass needle, car- 
rying an upright arm, was cemented. This arm served as an 
index for the thread, and marked its position on a scale pasted 
on the opposite side of the jar; it was observed through a 
small hole in a plate of metal, placed ten or fifteen inches 
distant —an improved method of observing a vertical index 
introduced by Professor Draper. 

The thread being freely suspended, its index and that of 
the micrometer at their respective zeros, a torsion of three 
revolutions of the micrometer was exerted on the thread for 
five minutes ; when released from this force it did not resume 
its position at zero, but varied from it in the direction opposite 
to that in which the torsion had been made. If the micrometer 
be now kept at zero, it will be found that the thread partially 
recovers itself, after the lapse of several hours; the amount 
of error is consequently diminished, but it never returns ac- 
curately to its original position. If instead of releasing the 
thread by returning the micrometer to zero, the thread be 
released from the obstacles, the same result will be obtained ; 
in consequence of the impetus it requires in spinning round, 
this latter is probably the less accurate method of observa- 
tion. 

A variety of experiments were performed with different 
threads, to ascertain if the alteration of the zero bore an 
constant relation to the amount of torsion employed. If mich 
were the case, a system of compensation could be adopted 
which would free instruments fitted with glass threads trom 
error. : 

The result of the observations made with one thread are 
given, for convenience, in a tabular form; they are analogous 
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to those obtained with others; and indicate that the amount 
of the alteration of the zero, for the same threads, for different 
degrees of torsion, bears no constant proportion to the amount 
of force employed. 


TABLE I. 
et een“ Ee ihnen“ | Thermometer 
1| 360 2° 50 70° 
2 720° 10° 5! 70° 
3| 1080 13⁰ 5’ 70° 
4 14405 20° 55 70° 


The thermometer was carefully noted in these experiments, 
lest the temperature of the room should vary during the pro- 
secution of them; for it is not known what influence changes 
of temperature may exert on the elasticity of glass. After a 
lapse of twelve hours the thread had not returned to zero: 
another zero being assumed the following table of errors was 
obtained ; 


TABLE II. 
N z one Error settle Thermometer 
1 360° 2⁰ 5 70⁰ 
2 360° 3° 5 70° 
3 360° 3° 50 10° 
4| 720° 6° 55 70° 
5 1080° 9° 55 70⁰ 
6| 1440 12° 5” 70° 


The thread was now left freely suspended for two hours; 
another needle and index were then adjusted to it, parallel 
to the first, but at twice the distance of the first from the 
micrometer : two points of the thread could now be observed 
and the effect of torsion on a double length noted. Up to 
1080 the error of its two indexes was the same in amount ; 
for that degree of torsion, the farther index varied more from 
its zero than the nearer, and consequently required the 
micrometer to pass through a greater space to restore it to 
that point. For a torsion of 1440° the error of the more dis- 
tant index from the micrometer exceeded that of the nearer, 
three degrees. The tabular results are as follows; 
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No. of degrees Duration of 


Thermometer 


of Torsion. i Torsion. 
1 3605 35 5 70° 
2 720? 6° 5 70⁰ 
3 10805 6° 70° 
4 1440° ad 70° 


* Upper Index 5°. Lower one 8°. 


The result indicated in the last experiment of the preceding 
table, has been observed to take place repeatedly when high 
degrees of torsion have been employed and continued for a 
long period. It is probably due to slight inequalities in the 
diameter of the threads and to their being differently annealed 
in different portions of their length; force exerted on them 
would, under such circumstances, produce more decided ef- 
fects on some portions than on others, and the effort made by 
the thread to recover itself would also occasion in different 
parts of it, different degrees of error. 

An inspection of these tables will shew that the whole 
amount of error, for each series of observations, is decreas- 
ing; in the first it amounted 20°, in the second to 12°, in 
the third to 6°. It would therefore appear that a certain 
amount of torsion could be exerted on the thread for a cer- 
tain period, for which it would afford no error of the zero. 
One thread which has been operated with, exhibited this 
effect of force exerted on it, in a very marked manner; for a 
torsion of two revolutions of the micrometer, its zero altered 
10°, but for four revolutions there was no alteration. It was 
broken in making another observation. 

For degrees of torsion less than that at which this effect 
takes place, the error of the zero will continue to exist; as it 
is observed, in the two last tables that for one and two revo- 
lutions of the micrometer, the error is nearly constant. 

It has been shewn that a force amounting to one revolution 
of the micrometer exerted for five minutes, produced a per- 
manent deflection of the zero of the thread, two degrees. An 
attempt was made to ascertain the influence of smaller degrees 
of force on the thread, exerted for a longer period. A torsion 
of 270 produced, in five minutes, a permanent deviation of the 
zero 12°; 180° of torsion in the same period occasioned no error. 
A torsion of 90° continued for half an hour, produced an altera- 
tion of 2 ; for 45° of torsion continued one and a half hours, 
it altered 3°. The permanent alteration of the zero of a glass 
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thread appears to be occasioned, either by a large amount of 
force exerted upon it, or by smaller forces acting for a com- 
paratively long period. The amount of this alteration is 
modified by a variety of circumstances; the diameter of the 
thread—the uniformity with which it cooled in being drawn— 
the amount of force to which it has been subjected, and its 
duration—combine in producing this effect ; which, influenced 
by so many causes, must necessarily be variable in amount. 

It is pot probable that any two threads will afford the same 
numerical value of their respective errors of zero, for the same 
force exerted on them. We cannot be certain that they are 
in precisely the same condition—that they are identical in 
composition, or that they are equally well annealed. Both, 
however, will fail to return to zero after a certain amount of 
torsion has been exerted on them, by a quantity which di- 
minishes for every series of observations; and which for a cer- 
tain amount of torsion, becomes nothing. 

The effect of this error of the zero on instruments con- 
structed for the purpose of measuring small forces by torsion, 
is to cause the deviations of the needle, when the thread is 
newly suspended to be less than they ought to be, and less 
than they ever are afterwards; in each succeeding observation 
the force acting on the needle has to overcome not only the 
forces which keep it in equilibrio, but that also which deflects 
the thread from its zero; as this latter increases with the in- 
crease of torsion and with the time it occupies, the last deflec- 
tions of the needle are much less than the first of the same 
series. ` 

This kind of error will be found in every series of experi- 
ments, though it will vary in amount; but it will still be 
sufficient if not corrected for, to vitiate results requiring to 
be obtained accurately. In using torsion instruments, after 
each observation, the error of the zero ought to be ascer- 
tained and the due correction applied. But where it can be 
done, it is advisable first to ascertain the amount of torsion 
necessary in five minutes to cause an alteration of the zero; 
and then to ascertain the period of time which that amount of 
torsion intended to be employed requires to produce the same 
effect, and not transcend these limits, by employing a greater 
amount of force on the thread, or using the instrument con- 
tinuously for a longer time than it will afford correct mea- 
sures. 
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VIII. On the Course of the Electrical Discharge, and on 
the Effects of Lightning on certain Ships of the British 
Navy, Fc. Fc. By W. Snow Harris, Esq. F. R. S. 


In the instance I last quoted of damage to H. M. S. Rodney 
by lightning, it will be remembered that there was no regular 
metallic line through which the forces in action could become 
neutralized. The electrical agency had therefore to find for 
itself such a general course, as upon the whole opposed the 
least resistance to Its progress; and it is evident that in this 
case its path was determined on the general principles before 
laid down in sec. 17. 

25. I shall now proceed to state a few cases of damage to 
certain other ships of the navy, where metallic bodies hap- 
pened to be so disposed about the rigging and hull, as to 
approximate in some measure to the conditions of experi- 
ment 2, sec. 18,“ and consequently to that perfect state of 
defence against the expansive force of the electrical discharge 
in which a ship would become placed, by perfecting the con- 
ducting power of the masts, and uniting them into one general 
continuous system with the metallic masses in the hull, and 
with the sea. 

These cases are particularly interesting, and conclusive of 
the general question of the protection to be afforded by such 
a system. 

No. 1.—In September 1833, H. M. ship Hyacinth had both 
the fore and main-top masts and top-gallant masts destroyed 
by lightning in the Indian Ocean. The electric fluid shivered 
these masts from the truck to the heel of the topmast, as in- 
dicated by the waving black line ab in fig. 4. pl. I. 
which represents the effects on the main mast; at the 
point ö, it became assisted by the chain topsail sheet leading 
to the deck at c, and so did no further damage to the mast; 
at d it received further assistance from the copper pipe of 
Hearle’s patent pump, leading to a small well at e, and thence 


by a second pipe through the ship’s side under water, and by 


this passed safely into the sea.f 

26. Now it is evident here that a heavy discharge of light- 
ning which shivered completely a sloop of war’s main-top mast 
and top-gallant mast varying from 11 inches to a foot in dia- 


Annals of Electricity, &. Vol. iv. p. 492. 


+ These circumstances are minutely detailed by Capt. Blackwood, who com- 
manded the ship at the time, and may be seen in his interesting letter on the 
subject, in the Nautical Magazine, vol. viii., p 116. 


Vol. V.—No. 25, July, 1840. F 
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meter through a length of at least 80 feet, was conducted 
without damage or fusion by an iron chain and a short copper 
pipe. It is therefore important to state the dimensions of 
these metallic bodies. Now the iron chain consisted of links 
2} inches long, made of iron rod 4 inch in diameter. It 
reached from the lower yard to the deck, a distance of about 
50 feet. 

The pump consisted of copper pipe 4 pounds to the square 
foot; it was 3 inches in diameter, and about the rth of an 
inch thick, extending through a distance of about 10 feet. 

The effects on the foremast were very similar, they are 
omitted therefore for the sake of brevity. 

27. It is not a little remarkable, that five years after this, 
in 1838, this same ship was again struck by hghtning, whilst 
at anchor in Penang Bay, and again lost her main-top mast 
and top-gallant mast in a similar way, the lower mast being 
preserved by her chain topsail sheets. 

28. No. 2.— In 1830, the Athol, of 28 guns, was struck by 
lightning on her furemast, in the Bight of Biaffra: at this 
time the topsails were lowered on the caps and the other sails 
furled, as shewed in fig. 5. This ship had chains for 
hoisting the topsails which lay in the direction of the 
topmast as indicated by the dotted line ö . She had 
also a chain for topsail sheets, which led along the lower masts 
as indicated by the line de. When the electrical explosion 
fell on the truck it shivered the top-gallant mast in pieces so 
far as the commencement of the chain at b; here being as- 
sisted by the chain, it passed on without any damage to the 
topmast, which is extremely worthy of remark, because in 
the former case, where there was no chain, the topmast was 
destroyed. 

Having reached the point e, where the chain terminated, 
it passed with damage over the head of the mast, until again 
being assisted by the lower chain d e, it passed without da- 
mage to the deck; on reaching the deck at e, it passed by 
means of a bolt through a beam in the forecastle upon the 
chain cable, and thence into the sea.* 

29. These effects are similar to the former, and shew the 
protection afforded by the chains, and their power of con- 
ducting heavy discharges of lightning without any of the ill 
consequences insisted on by Mr. Sturgeon; since in both cases 
the chains were in the vicinity of large metallic masses, viz. 
the iron hoops, iron-bound blocks, &c. about the masts, and 


è An interesting and authentic account of this circumstance will be found 
in the Nautical Magazine, vol. viii., p. 114. 
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in both cases the lightning passed through the hull. Now as 
all the laws of nature are general, not partial, it is reasonable 
to infer, that if Mr. Sturgeon’s view of a lateral explosion 
were true, it ought to apply in such papable cases as these, 
more especially when he says he can produce a lateral explo- 
sion at 50 feet distance with a jar of only “a quart of 
capacity.” 

30. No. 3.—The effects of lightning on H.M.S. Snake, is 
another striking instance of the general laws we have been 
contending for. The phenomena are detailed with peculiar 
clearness by Capt. Milne in the March number of the Nautical 
Magazine. The electric fluid entered main truck, shivered 
roval mast, splintered top-gallant mast; then over chain main 
topsail tye without damage to within 8 feet of the deck so far 
as the topsail halliards. 

Finding, as observed by Capt. Milne, an obstruction here 
in the ropes, it again seized on the mast, and became divided 
at the saddle of main boom; one portion passed out of quarter- 
deck port to the sea, the other to lower deck and down the 
mast, and distributed itself over the hull, affecting persons 
below. The mast, on being examined at Halifax, was sprung 
about the partners 2 inches deep and 15 inches round, and 
was perfectly burst asunder at the step: hence the shock had 
extended to the heel, the electric matter, consequently, must’ 
have passed by the metallic bolts in the keelson to the sea. 

It is further stated, and it is a most important fact, that a 
seaman aloft on the cross trees, at the time, did not experience 
any sensation whatever. 

31. No 4.—The Buzzard brigantine was struck by light- 
ning on the Coast of Africa, in February 1838, and lost her 
top-gallant and topmast, under precisely the same circum- 
stances as those of the e che lower mast being pre- 
served by the chain topsail sheet“. 

32. No. 5.— The Fox revenue cutter was struck by light- 
ning in March 1818. The mast was furrowed and otherwise 
damaged in every part except where it was coppered ; as ap- 
pears by a minute made at the time by the master mast-maker 
at the Plymouth dock-yard. : 

Now the copper usually placed about a cutter’s mast is not 
the „nd part of an inch in thickness. In this case it re- 
mained perfect. l 

33. No. 6.—The spire of a church at Kingsbridge in Devon- 


This case was given me by the commander Lieut. Fox. I was myself on 
board the vessel on her arrival: The particulars are noted in her log. 


44 Mr. Harris, on Ships struck by Lightning. 


shire was struck by lightning in June 1828, and fearfully 
damaged. ‘This case is particularly worthy of notice. 

The lightning fell on an iron spill, a, b, fig 6. supporting the 
weather-cock, about 7 feet in length and 1 inch in diameter. 
On this it produced no visible effect, nor did any damage 
arise to the stone-work about the rod. It was not until the 
rod ceased at the point b that the masonry was rent.“ 

34. No. 7.—Extract from a letter from Lieut. Sullivan, of 
H. M. S.“ Beagle,” addressed to the Editor of the Annals of 
Electricity, &c. &c., relative to the protection afforded by a 
continuous conductor attached to the mast of H.M.S. Beagle. 

“ Having considered your communication in the Annals of 
Electricity on marine lightning conductors, containing obser- 
vations on the stroke of lightning which fell on the masts of 
H.M.S. Beagle, I think it fair, both to Mr. Harris and the 
naval service, to describe the phenomena I witnessed on that 
occasion; first stating, that at the time of my joining the 
Beagle in 1831, previously to her leaving England, I had no 
acquaintance with Mr. Harris, and certainly zo bias in favour 
of the conductors with which the ship was fitted. I may 
therefore claim to be considered an impartial observer. 

« At the time alluded to, I was first Lieutenant of the 
Beagle, and was attending to the duty on deck. She was at 
anchor off Monte Video, in the Rio de la Plata, a part of the 
world very often visited by severe lightning storms. Having 
been on board H.M.S. Thetis at Rio Janeiro a few years 
before, when her foremast was entirely destroyed by lightning, 
my attention was always particularly directed to approaching 
electrical storms, and especially on the occasion alluded to, as 
the storm was unusually severe. The flashes succeeded each 
other in rapid succession, and were gradually approaching ; 
and I was watching aloft for them when the ship was appa- 
rently wrapt in a blaze of fire, accompanied by a simultaneous 
crash, which was equal if not superior to the shock I felt in 
the Thetis; one of the clouds by which we were enveloped 
had evidently burst upon the vessel, and as the mainmast 
appeared for the instant to be in a mass of fire, I felt certain 
that the lightning had passed down the conductor on that 
mast; the vessel was shaken by the shock, and an unusual 
tremulous motion could be distinctly felt. As soon as I had 
recovered from the surprise of the moment, I ran down below 
to state what I saw, and to see if the conductors below had 
been affected; and just as I entered the gun-room, the purser, 
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Mr. Rowlett, ran out of his cabin, (along the beam of which 
a main branch of the conductor passed) and said that he was 
sure that the lightning had passed down the conductor, for at 
the moment of the shock he heard a sound like rushing water 
passing along the beam. Not the slightest ill consequence 
was experienced; and I cannot refrain from expressing my 
conviction, that had it not been for the conductor the results 
would have been of very serious moment. 

“ This was not the only instance where we consider that 
the vessel had been saved from being damaged by lightning 
by Mr. Harris’s conductors; and I believe that in saying I 
had the most perfect confidence in the protection which those 
conductors afforded us, I express the opinion of every officer 
and man in the ship. 

„Not being sufficiently acquainted with electrical experi- 
ments, I cannot remark upon those you have adduced in sup- 
port of your opinions detrimental to Mr. Harris’s conductors. 

„Jean, therefore, only repeat my conviction that the Beagle 
was struck by lightning in the usual may, and certainly with- 
out any lateral explosion or other ill effects similar to those 
you insist on in your Annals of Electricity.” 

35. Now these facts are totally subversive of all Mr. Stur- 
geon has advanced concerning his destructive lateral explosion 
in the way of objection to the fixing conductors in ships’ masts, 
and prove in the most conclusive manner the protecting power 
of such conductors: his statement, therefore, that destruc- 
tive lateral discharges will always take place when the vicinal 
bodies are capacious and near the primitive conductor or to 
any of its metallic appendages,” is clearly fallacious. 

36. I is allowed by writers on inductive science, that we 
wander from the true path of philosophical inquiry, and take 
up that of assumption and conjecture, directly we cease to 
verify our principles by an appeal to facts. In order to arrive 
at a general law of nature, it is requisite to examine carefully 
a great number of facts bearing directly on the question at 
issue, and shew, that the principle we assume is common to 
them all; for if in any case the assumed principle is decidedly 
negatived, it is at least a powerful exception; and it may be 
sufficient to overturn our whole theory. 

If such exceptions are numerous, any theory which cannot 
include them is decidedly untenable. 

It has been well observed by Abercrombie,* that in de- 
ducing a general principle, when the deduction is made from 
a full examination of all the individual cases, and the general 
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fact shewn to apply to them all, that is truth; when is it de- 
duced from a small number of observations and extended to 
others to which it does not apply, this is falsehood.” 

37. In applying these principles, we find Mr. Sturgeon’s 
assumed lateral explosion decidedly negatived in all the cases 
just cited, since we do not find any such occur in the passage 
of heavy discharges of lightning along the masts, &c.; we do 
not find, as asserted by him, any thing like electrical waves 
produced by the discharge through a conductor situated close 
to the magazine. ‘Thus in the case of the Hyacinth, No. 1. 
the copper pump d e, fig. 1, was a conductor near the after 
magazine. Yet the electric shock, in passing down this and 
through the ship’s side, did not cause intense sparks among 
the powder barrels, whose metallic linings and hoops recipro- 
cally interchange them.“ 

38. Again, we do not find in the passage of a dense explo- 
sion of lightning that the sailors are necessarily subjected to 
lateral discharge, since in the case of the Snake, it may be 
observed that a seaman aloft on the cross-trees did not ex- 
perience any sensation whatever, although the top-gallant mast 
was shivered, and a terrific shock darted from the heel of it 
to the chain topsail tye. Now if Mr. Sturgeon’s views were 
practically sound, this man ought to have been killed on the 
spot by a lateral discharge,” as he says happened to a sea- 
man called Wilson in the case of the Rodney. 

39. Mr. Sturgeon, therefore, if he still adheres to his 
theory, is at last reduced to the necessity of supposing, that 
his lateral discharge may sometimes occur, and sometimes not, 
which is manifestly in the teeth of his own hypothesis. This 
instance just quoted of the little effect experienced by persons 
in the vicinity of heavy electrical discharges is by no means a 
solitary one, as the following extract from a letter from Ad- 
miral Hawker, with which he favoured me relative to the 
damage dune to the Mignomne, very fully shews :— 

« The circumstances of the Mignomne being struck by 
lightning were these: she had been on shore, and was going 
to Port Royal, Jamaica, attended by the Desiree; we had a 
day I think the hottest I ever experienced in the West Indies, 
without. a cloud. After sunset we observed clouds rising up 
from every part of the horizon with thunder and lightning. 
I ordered the topsails to be lowered in case of squalls, and we 
ran down towards Port Royal: about midnight the heavens 
seemed to be one continued flame, and soon after the main 
topmast was shattered into probably fifty pieces, scattering 
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the splinters in all directions; the mainmast was split down 
to the keelson, and a sulphurous smell came up from the hold, 
which occasioned some to cry out that the ship was on fire. 
Two men were killed in the main-top, being burnt black, and 
having some splinters sticking in them, and a man who was 
tleeping on the lower deck with his head on a bag (for the 
ship having been on the rocks for three days there were no 
hammock:) near the armourer's bench was found dead, with 
one black speck in his side; another man sleeping by him 
was nol hurt.” 

40. The number of instances in which dense explosions of 
lightning have passed very near to persons without causing 
any serious iujury to them is remarkable. 

Thus in the case of the Buzzard, No. 4, before mentioned; 
the explosion at the time of shivering the topmast passed so 
near to a seaman called Robert Purk, that it actually tore 
the shirt from his arm: he very kindly shewed me the shirt, 
and pointed out the place where he was standing. Lieut. 
Fox, who commanded this vessel, and who was good enough 
to send me an account of the damage, &c. sustained, says, in 
allusion to this circumstance, The lightning took a strip 
out of the shirt about two inches wide trom the shoulder to 
the wrist without hurting him.” 

No. 9.—In the instance of the Hawk cutter, lately struck 
by lightning on the west coast of Erris, end scarcely damaged, 
it appears that the electric matter in passing down the main 
hatchway passed between a man and a boy. Neither were 
hurt; the latter experienced a shock only. It also passed close 
to another man lying across a hammock about the same spot, 
who jumped up and thought his neckhanderchiet was one 
fire; the latter experienced a temporary effect only on his 
nght arm. 

41. All these cases evidently show, that no damage occurs 
from a shock of lightning out of its direct path. It may, 
however, divide in the absence of any good conducting course, 
and branch out into a variety of other courses (as already 
observed) and seize either wholly or partially upon bodies 
which happen to lie in certain points, as clearly shown in all 
these cases, and in the partial fusion of the leaf-gold given in 
experiment 2,“ of my last communication. 

e may also expect to find an expansive effect of greater 
or less force in the vicinity of a discharge of free electricity 
under the form of a dense spark, in a bad conducting interval; 
as observed by Dr. Priestley, the air being suddenly dis- 
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placed gives a concussion to all the bodies which happen to be 
near it.” 

42. It is clear therefore that in all cases where injury or 
death has occurred, as in those before given in the Mignomne, 
Rodney, &c., it has been the result of the passage of the elec- 
tric agency, either wholly or partially, through the animal 
body, and not from the result of any lateral explosion of elec- 
tricity, such as described by Mr. Sturgeon. If, as he says, 
such explosions in all cases of proximity to the primitive 
charge necessarily arise, such proximity to the passage of a 
dense shock of lightning would be in all cases fatal, which is 
evidently not the case. 

43. I have now to consider briefly a few instances of the 
power of metallic bodies to transmit heavy discharges of 
lightning. 

In the case above quoted of the Hyacinth, we observe, as 
already remarked, that a flash of lightning which shivered the 
top-mast and top-gallant mast passed over a small iron chain 
and copper tube without fusing either. A similar result en- 
sued in the second instance of the Hyacinth being struck by 
lightning; also in the case of the Athol and Buzzard, and 
Snake, and in a great variety of others too numerous to detail 
here. 

In the case of the Fox, No. 5, it is seen that the shock of 
lightning which damaged the mast, was conducted without fu- 
sion or damage by sheet copper of And of an inch in thickness 
placed in the wake of the gaff. This is conclusive of the fal- 
lacy of Mr. Sturgeon’s assertion, that any conductor applied 
to the mast would, under the operation of lightning, be “ pro- 
bably peeled from the wood.” 

In the case of the Kingsbridge spire, No. 6. The lightning 
which shivered the tower, fell on a cylindrical iron rod of an. 
inch diameter without producing any effect on it. 

In the case of the Rodney, the flash which set the top on 
fire and splintered the masts, was conducted by a short copper 
funnel for top-gallant rigging without fusion. 

In the case of the Beagle, No. 7, a shock of lightning passed 
down the conductors without producing any effect on them. 

No. 10 A house was struck at Tenterden; the lightning fell 
on an iron bar three-quarters of an inch square, but produced 
no effect on it.* 

No. 11. A stroke of lightning fell on Mr. West's house, at 
Philadelphia, having a conductor terminating in a brass rod 
ten inches long and a quarter of an inch in diameter; only a 
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few inches of the point were melted, but no damage occurred 
to the building.* 

No. 12. On the 19th of April, 1827, one of the large New 
York packets, whilst in the Gulf Stream, was assailed by two 
most awful strokes of lightning twice in the same day. The 
first shock was productive of serious and destructive effects. 
The second shock fell on a pointed conductor subsequently 
hoisted to the main-mast head. This conductor consisted of 
an iron chain, having links of a quarter of an inch thick and 
two feet in length, and turned into hooks at each end, con- 
nected by rings of the same thickness, and one inch annular 
diameter. ‘This conductor was attached to an iron rod placed 
at the mast head, half an inch thick and four feet long. The 
explosion fell in a concentrated form, and with an awful crash 
upon this rod. Although the small chain below was disjointed 
and some of the links fused, yet this pointed iron rod was only 
fused for a few inches. The ship in the second case escaped 
danger. 

Now these are authenticated cases, and there are numerous 
others which I might adduce, to shew how perfectly capacious 
and continuous conductors transmit shocks of lightning. 

44. No good instance can be adduced in which conductors of 
great capacity have been even moderately heated by lightning. 
I do not admit Mr. Sturgeon’s “on dit” respecting the con- 
ductor passing through the Nelson Monument in Edinburgh. It 
is really no evidence whatever on a scientific question. It 
is said (observes Mr. Sturgeon) that the lightning rod passing 
through the Nelson Monument became so hot by lightning 
that it could not be touched by the hand by the first person 
who visited it afterwards. Allowing a few minutes to have 
elapsed between the flash and the person entering the monu- 
ment, the probability would be that the conductor had been 
made red-hot.” This is of the same character with all Mr. 
Sturgeon’s data; it is generally surmise, the skew without the 
reality ; it just amounts to nothing. 

45. I am aware that it has been also supposed that the great 
conductors of St. Paul’s church were heated by lightning, but 
it is only a supposition. The conductors were not examined 
before the lightning, which was said to have fallen on them, 
occurred, so that we cannot be certain that the observed ap- 
pearances were not originally present after the forging of them ; 
it is, besides, very unlikely that a stroke of lightning should 
have fallen on this building, capable of rendering bars of iron, 
six inches wide and one inch and a half thick, red-hot, without 
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destroying the thin copper covering the ball and cross on the 
dome of the building, and without the crash of the thunder 
having been heard over the whole city, no mention of which is 
made; when St. Bride’s steeple was struck, the latter was pe- 
culiarly remarkable. 

46. There is another instance on record of the effects of 
lightning on an iron rod, in Port Royal, Jamaica, mentioned in 
the transactions of the Royal Society, the evidence of which 
seems very incomplete. ‘Two men are said to have perished 
by lightning near the church wall: that is not improbable: 
but, on subsequently looking inside the wall, a bar of iron, an 
inch thick, and a foot in length, was found in many places 
wasted away to the size of a fine wire. Now it does not appear 
that this bar was examined previous/y to the occurrence of the 
lightning; hence we cannot infer that the wasting was pro- 
duced by the electric fluid; more especially as similar ap- 
pearances are not uncommon in bars of iron erected in church- 
yards in this country, and which have evidently resulted from 
oxidation and time. 

47. Seeing then how much evidence we have from actual 
experience of the protective effect of regular conductors of the 
worst kind, and their power of transmitting dense explosions 
of lightning, we may reasonably infer that a conductor of cop- 

per, equal to a rod of an inch diameter, and extending the 
whole length of the mast, would be proof against any dis- 
charge of lightning ever experienced, as, I think, is shewn by 
the cases in which ships fitted with my conductors have been 
struck by shocks of lightning without damage. 

48. Exceptions, however, have been taken by Mr. Sturgeon 
to the phenomena described by the officers who either com- 
manded or were in the ships. Thus Captain Turner, in de- 
scribing the shock of lightning which ſell on the Dryad frigate 
on the coast of Africa, says, that “ he saw the lightning on the 
conductor on the fore-mast, and saw it during another flash 
run down the mizen-mast; that all the men there heard a loud 
whizzing noise.” Captain Fitzroy and Lieut. Sullivan also 
mention similar phenomena. Now the exceptions taken are 
these, viz., that no noise is ever produced by electricity entering 
a conductor, and that we cannot produce a “running light” 
upon a conductor carrying an electrical charge. 

These exceptions, however, are rather captious objections to 
forms of expression, than to the facts themselves; it is easy to 
shew from experience that luminous appearances are often at- 
tendant on discharges of both natural and artificial electricity. 

Thus in the case of the Hawk, No. 9, the account states 
that “ the vessel was apparently enveloped in a flame of light- 
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ning ;” whilst, in the case of the Beagle, Lieut. Sullivan says, 
“on looking aloft, the ship was apparently in a blaze of fire.” 
In the case of the Snake, No. 3, the electric fluid is said to 
have descended with an instantaneous explosion of a vivid 
purple color. 

When H.M.S. Norge was struck by lightning in Port Royal 
harbour, the electric fluid was observed (to use Admiral Rodd’s 
expression) to “ absolutely stream down a conductor attached 
to the mast of H. M. S. Warrior,“ close by. 

Such phenomena are besides remarkably close to the results 
of experiments: thus a heavy shock of electricity, passed over 
a metallic wire, in a partially exhausted receiver, will exhibit 
a transiently passing light on its surface. 

49. The whizzing noise is quite in accordance with com- 
mon electrical effects. It invariably occurs when a good 
conductor receives and disarms an explosion by a pointed 
extremity. Mr. Sturgeon, however, asserts that “no such 
noise iz ever produced by the fuid entering a metallic con- 
ductor.” This is mere sophistry; let any one attempt to dis- 
charge a highly charged battery by an acutely pointed 
conductor. A great part of the charge will immediately rush 
through or towards the point with a whizzing noise. Now 
the stratum of cloud may be either positively or negatively 
electrified, and whether the one or the other, it is clear that 
the rush of electricity from a charged surface toward a point, 
or from a point towards an undercharged surface (according 
to Franklin’s hypothesis) will be always attended by a whizzing 
noise. g 

50. The protection which continuous conductors would 
afford if well and efficiently applied to ships is, I think ap- 
parent in all the preceding cases, and when we consider that 
the masts are themselves conductors of electricity, and that by 
their position alone they determine the course of the discharge 
into the body of the hull, it becomes the more requisite to affix 
to them good conductors, which quickly disperse and reduce 
the electrical action to a state of quiescence. 

We have I think fair evidence of this in the trials hitherto 
made with the continuous fixed conductors applied to certain 
ships of the British Navy. 

51. These ships have been exposed more or less in all points 
of the world. Lightning has not fallen upon them ener 
than other vessels not so fitted; and and when it has done so no 
damage has arisen in any way, or has any destructive lateral 
effect, such as that contended for by Mr. Sturgeon, taken place. 
His comparison, therefore, of the effects of lightning on the 
Rodney with the “ probable effects” (as he terms it) on my 
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conductors, although he can find no instance of such probable 
effects, is therefore purely hypothetical. If Mr. Sturgeon has 
no good authenticated fact to oppose to the mass of evidence 
I have adduced, of what avail is any hypothetical or loose 
opinion he may find it convenient to advance? 

52. Before concluding this communication, I cannot refrain 
from pointing out the apparent inconsistencies of his views on 
this point. Having described my conductors as dangerous 
and objectionable in every possible way, as calculated to in- 
duce oblique flashes of lightning to strike the ship to the 
destruction of the sailors’ lives, the sails, rigging, &c. &c., he 
says, sec. 221, on discovering that he could not conveniently 
apply his own rods above the top-mast head, “as however 
every chance of danger to the men and every species of damage 
to the vessel ought strictly to be avoided, it still appears de- 
sirable to furnish the top-gallant rigging with conductors; and 
perhaps those which would give the least trouble to the men, 
would be strips of copper let into grooves of the masts accord- 
ing to the plan proposed by Mr. Harris.” Now, I think, it 
must be clear to any one, thatif my system be so objectionable 
as he would have it believed, on the grounds above stated, it 
must be equally objectionable on the top-gallant masts ; the 
lives of the sailors are just as much exposed there as at any 
other point, perhaps more so. Mr. Sturgeon himself admits 
that two men were killed there in the case of the Rodney. 
But by his admission above quoted, my method is not objec- 
tionable in the top-gallant mast, but is on the contrary calcu- 
lated to avoid “ every species of damage to the vessel and every 
chance of danger to the men ;” if so, it must be equally efficient 
on the top-mast, lower mast, &c. This sort of traverse sailing, 
to use a nautical phrase, is not a little amusing, and is, I believe, 
quite unprecedented in any paper on science. 

53. In order that no mistake may arise in respect of what I 
have advanced relating to lateral explosions, I may in conclu- 
sion simply state, that I do not deny the expansive force of 
a dense electrical explosion, and its destructive effect on im- 
perfect and non-conductors. I do not deny its effect in causing 
expansion in the surrounding air, which I rather choose to call 
with Priestley, the lateral FORCE of electrical explosions,” 
than a lateral explosion of electricity. 1 do not deny this in the 
absence of any regular system of conductors, or that the dis- 
charge may divide in several directions, and in distributing it- 
self over the hull, may cause dense sparks and other electrical 
appearances in various parts of the vessel, but which would 
not appear, if a perfect system of conduction, such as I have 
proposed, were resorted to, 
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of electric matter from conducting bodies transmitting an ac- 
cumulation between oppositely charged surfaces, as assumed 
by several persons imperfectly acquainted with ordinary elec- 
trical action, and lately by Mr. Sturgeon; and, I maintain, 
that neither artificially, nor in the course of nature, can any 
instance of such lateral explosion be authenticated. 

I am, &c. 


W. Snow Harris. 
Plymouth, March 14, 1840. 


P.S. It has been insisted on by Mr. Sturgeon, that a shock 
of lightning, descending a continuous conductor on the mast, 
would magnetize every chronometer in the cabin, &c.—(Me- 
moir, Sect. 207.) 

This assumption is completely negatived by the cases above 
quoted. In fig. 4,an awful discharge descended an iron chain, 
and yet no magnetic effect was observable on the neighbouring 
compasses, or on the chronometer in the cabin. It is only in the 
absence of continuous conductors we find such magnetic effects, 
and even then their occurrence is comparatively rare. Really, 
Mr. Sturgeon makes so many random assertions, it is almost 
impossible to attend to them all. 


IX. Mr. Sturceon’s Fifth Letter to W. Sxow Harris, Esq. 
F. R. S. on Marine Lightning Conductors. 
Sir, 

When I had finished my last letter to you,“ I made up my 
mind to decline any further notice of your impotent produc- 
tions in defence of that extraordinary, unnecessarily expensive, 
and certainly the most unscientific and dangerous plan of 
marine lightning conductors, that could possibly have been 
thought of by any one claiming the character of an electrician. 
But finding, in the preceding article, a few descriptions of the 
effects of lightning on shipping, which, if correct, can hard] 
fail to be interesting to the electrician, I have not hesitated to 
give them a place in these Annals; and as you have laid con- 
siderable stress on these events, as sure indications of the in- 
fallibility of your electrical philosophy and lightning conduc- 
tors, I have again ventured a few remarks, not with any hope 
of convincing you of your errors, or rather of your acknow- 
ledging them, but to shew you that a very different explana- 
tion to that which you have attempted, would look quite as 
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plausible to account for some of the effects produced by light- 
ning on those vessels; and in order to facilitate the compari- 
son, I will, as on former occasions, follow the numerical order 
of your own paragraphs. 

3 I think that I may very justly remark, as an introductory 
proposition, not difficult of demonstration, that, if there be no 
motive beyond the propagation of truth, one of the causes of 
your committing so many errors in calculating on the effects 
of lightning, is simply by your imagining that all discharges 
of lightning are alike power ful. 

In paragraph 26, you have, no doubt, given a very exact 
account of the dimensions of the chain topsail-sheet, and of 
the copper pipe of Hearle’s pump. Then, because each link 
of the former consisted of two sides, it was virtually composed 
of two iron rods, each of which was half an inch diameter from 
one end to the other; and as the latter “ was three inches in 
diameter, the copper sheet of which it was made was uni- 
ony nine inches broad. Hence the topsail-sheet and 
Hearle’s pump were no mean conductors, even compared with 
your own; for the copper pipe of the pump was nearly of the 
same transverse dimensions as the mean of yours on the lower 
masts ; of much greater transverse dimensions than yours on 
the ¢op-masts ; twice the transverse dimensions of yours on 
the fop-gallant masts ; and more than twice the transverse 
dimensions of your royal conductors. Moreover, since ‘the 
effects on the fore-mast were very similar” to those produced 
on the main-mast, we are led to believe that each mast re- 
ceived only one half of the main stroke. And again, by con- 
sidering also, that each mast alone would carry some portion 
of the lightning to the sea, then, taking all these circumstances 
into account, and also the probability of this flash being very 
far from the most formidable that occurs, I cannot see that 
this case is any proof either of the efficiency or inefficiency of 
your conductors, nor can I see what advantage you could 
think of gaining in defence of them, by bringing such a circum- 
stance forward, in which the conductors which were not injured 
were, in some parts of the circuit, more than four times the 
dimensions of yours. 

Paragraph 28 may possibly be a very correct account of the 
effects of a flash of lightning on the Athol; and so far as de- 
scription is concerned, it is an interesting paragraph. But I 
do not agree to what you say in paragraph 29, viz., that 
“ these effects are similar to the former, and shew the protec- 
tion afforded by the chains, and their power of acess 
heavy discharges of lightning ;” because, if I did, I shoul 
have to acknowledge that all heavy discharges of lightning 
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were of precisely the same power; which would be the very 
opposite to the views which I take of these operations of na- 
ture; and, what would be worse still, if possible, I should 
bave to acknowledge that half a flash of lightning ought to 
produce precisely the same effect as the whole flash would do. 
This, as I first observed, is one of the rocks on which you so 
frequently founder. 

The effects of lightning on H. M. S. Snake, as described in 
paragraph 30, are also very curious and interesting; more 
especially if Captain Milne’s account of the route of the elec- 
tric fluid be correct. Perhaps you can explain why the elec- 
tric fluid jumped from “ within eight feet of the deck ” to * the 
saddle of the main boom;” and by what route, from “ the 
saddle of the main boom one portion passed out of the quarter- 
deck port to the sea.” 

Paragraph 31 is an obvious indication of the limited views 
which you have of lightning, and of the correctness of my first 
remark in this letter, viz., that you consider all flashes of light- 
ning to be of the same power; and that the power of half a 
flash is equal to that of the whole flash. This inference, you 
will find, 1s clear enough, when you compare the description 
of the two events alluded to, in this paragraph, in which you 
say the Buzzard “lost her top-gallant and top-mast, under 
precisely the same circumstances as those of the Hyacinth ;” 
for it is obvious that the Hyacinth’s main-mast was struck by 
only half of the original flash; whereas the mast of the Buz- 
zard was struck by the whole flash. 

The only inference which, in a philosophical point of view, 
can be drawn from your 32d paragraph, is that the Fox reve- 
nue cutter was struck by a comparatively feeble stroke of 
lightning; although, from the manner in which you appear to 
apply the case, that paragraph becomes demonstrative of your 
belief that all flashes of lightning are of precisely the same 

wer. 
me seem to be very desirous to shew your readers, that 
‘the copper usually placed about a cutter’s mast is not the 
yzud part of an inch in thickness ;” and that “in this case it 
remained perfect.” Now it strikes me that some of your readers 
will ask, why you did not give them the other dimensions of 
the copper? A candid, scientific reasoner would not have 
left them in doubt on a point of such essential importance in 
varying the effects of a flash of lightning on the metal. Even 
you own tinsel experiments (figs. 4, 5, and 6, plate x., vol. iv.) 
must have taught you that a broad strip of gold leaf may re- 
main perfect, though it be traversed by an electric discharge 
which would destroy a narrow strip of the same thickness ; 
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and that a still more powerful discharge might have destroyed 
both of them. Whether or not there be a fatality attending 
your philosophy, over which you have no control, is not for 
me to determine; but there seems something curious enough 
in placing the power of a flash of lightning, which just “ fur- 
rowed” the mast of the Fox cutter, on a par with the power 
of that flash which produced such tremendous havoc on 
board the Rodney, or with that which destroyed both the 
fore and main-top masts and top-gallant masts” of the Hya- 
cinth ! 1! 

With respect to the effects of lightning on “ the spire of a 
church at Kingsbridge,” as described in paragraph 33, I can 
have no doubt of your having a very correct account from the 
Rev. G. F. Wyse; and I have aly to request the same fa- 
vour on your part, whilst you read an account of another flash 
of lightning, the effects of which were also described by a 
reverend gentleman. 

On the 28th of April last, the bishop of Nova Scotia, in com- 
pany with the Rev. Mr. Cardwell, called at this Institution, 
and entered into a conversation with me on the subject of at- 
mospheric electricity. The bishop, who is well acquainted with 
electricity, described several curious effects of lightning which 
had come under his own observation. On one occasion, where 
lightning had struck a conductor which was fastened close to 
the wall of a building, a portion of the brick-work behind the 
conductor was crushed to powder, and a deep furrow, parallel 
to the conductor, was made in the wall from top to bottom. 

At another time, the bishop saw a flash of lightning ascend 
from the earth to the clouds, lifting up, In its passage, a great 
quantity of the soil and other earthy matter from the surface 
of the ground to a great height. 

These two remarkable circumstances being described by an 
eye-witness of such high authority as the bishop of Nova 
Scotia, may justly be regarded as exceedingly interesting 
events in the history of atmospheric electricity. The furrow 
being made in the wall behind the conductor, is an excellent 
contrast to the effects of lightning on the spire of the church 
at Kingsbridge, and shews that, although the iron rod was 
sufficient to conduct a flash of lightning of a certain force with 
safety; yet, the lateral forces of a still more powerful flash 
might possibly not only furrow, but totally destroy the spire 
to which it is attached. 

Your 34th paragraph is merely a copy of Lieut. Sullivan’s 
letter already printed in these Annals,* and, therefore, I 
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can have nothing to remark upon it in this place, excepting 
that I may be permitted to say, that it is an exceedingly in- 
teresting description of the appearances on board the Beagle 
at the time she was supposed to be struck by lightning, and, 
unquestionably, is the best description of those appearances 
that has hitherto been given; and so very different to that 
given by Captain Fitz-Roy,f that they scarcely appear to re- 
late to the same event. I do not see, however, that even 
Lieut. Sullivan's description can be considered to be“ to- 
tally subversive of all” that I have advanced concerning 
destructive lateral explosions.” That officer candidly acknow- 
ledges that he is not sufficiently acquainted with electrical ex- 
periments to offer any remarks on those which I have adduced. 
Now, sir, had you also acknowledged that you were not suffi- 
ciently acquainted with atmosplieric electricity to offer any 
remarks on those phenomena which I have described in my 
fourth memoir, I should have considered that you also were 
enjoying the same honourable feelings. 

The philosophy of paragraph 36 is exceedingly good; and 
Abercrombie’s doctrine is perfectly applicable in the present 
instance ; for if your ideas of atmospheric electricity had been 
formed from a sufficient number of facts collected from your 
own observations, they would have been much more compre- 
hensive than at present; but from a want of that expenence 
so essential to the formation of a sound judgment of all the 
variety of atmospheric electrical operations, and, to distinguish 
one class of them from another, your views of this branch of 
the science are necessarily very limited ; and, having confessed 
that you have no acquaintance whatever with atmospheric elec- 
trical ares, it is not to be expected that you can have any 
knowledge of the splendid phenomena which they produce on 
high elevated conductors. Hence it is that you have fallen 
into error by supposing that the Dryad and Beagle were struck 
by lightning ; though to a person well experienced in electrical 
kite experiments, it becomes obvious enough that the lightning 
never struck either vessel in the cases alluded to. And a per- 
son only moderately acquainted with electro-magnetism would 
know well that the primitive discharge never traversed the 
Beagle's main-mast conductor on that occasion. 

Whilst writing my fourth memoir, I was particularly careful 
in advancing no experimental facts but those with which I was 
quite familiar: hence it was that I described no other electric 
kite experiments than those I had myself made, nor any of 
those splendi phenomena witnessed by other experimenters, 


* Vol. iv. p. 327. 
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whilst exploring the atmosphere in a similar manner: hoping, 
from the confidence I then placed in your candor, that your 
desire to promote truth would have induced you to allude to 
them yourself; especially those phenomena seen by M. de 
Romas at his kite-string. Those phenomena were of a similar 
character to some of those which I have described,* and were 
obtained under similar circumstances ; and had you brought 
them forward in your papers, as I expected you would 
have done, they would have given a fair opportunity to your 
readers to form a just comparison between them and the phe- 
nomena seen on board the Beagle and the Dryad.t+ 

Your reasoning in paragraph 37 is curious enough, implying 
that, because the Hyacinth was not blown up, there could be 
no lateral sparks!!! 

Paragraph 38 is a twin-sister to its predecessor, and implies 
that, because the man in the cross-trees was not killed, there 
could be no lateral discharge!! Why ought the man to have 
been killed? That he had a very narrow escape, no one will 
deny, when the circumstances are properly understood. The 
top-gallant mast was shivered, and a terrific shock darted from 
the heel of it to the chain topsail tye.” Now this“ terrific 
shock” was one of those cases in which that kind of lateral 
force is produced which Priestly calls the lateral explosion, 
and which you have been forced to acknowledge in paragraph 
53. When you were wniting that confessional paragraph, in 
which you say, “ I de not deny the expansive force of a dense 
electrical explosion, and its destructive effects on imperfect, 
and non-conductors,” I suppose you had forgotten the “ sea- 
man aloft on the cross-trees,” close to the “ terrific shock,” or 
dense electrical explosion ! !” 

With respect to Wilson, who was killed in the Rodney, since 
there were no marks to be found either on his body or his 
clothes, it is fair to infer that he suffered from the lateral forces, 
and not by the primitive discharge which killed his shipmate. 

In paragraph 39, you again attempt to lead your readers 
astray by telling them that, by my theory, as you are pleased 
to call it, a lateral discharge may sometimes occur, and 
sometimes not.” If, instead of insulting your readers by thus 
attempting to impose upon their credulity, you had referred 
them to paragraph 203 of my fourth memoir, page 176, vol. iv. 
of these Annals, the only inference which they would have 
drawn would have been the following: —“ As the extent of 
electro-displacement, in vicinal bodies, depends upon the mag- 

cv 
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nitude and intensity of the primitive discharge or main stroke,” 
and as those conditions may probably vary with almost every 
flash of lightning, some flashes may be of such feeble powers 
as to produce no very formidable dateral effects; although 
others may be sufficiently powerful to exert lateral forces pro- 
ductive of the most serious consequences.” 

Admiral Hawker’s account of the effects of lightning in the 
Mignomne, is very interesting. As “the main-mast was 
split down to the keelson,” there can be no question about the 
principal charge being transmitted in that direction; and, 
consequently, the man who was killed“ near the armourer's 
bench, suffered either by the lateral force of the main stroke, 
or by so small a portion of the latter, as to produce no serious 
lateral effects on his shipmate who was sleeping beside 
him.” Moreover, the two men who were killed in the main- 
top, being burnt black,” shews pretty clearly that they suf- 
fered from a very superior force to that which killed the man 
below, whose external injuries were only ‘one black speck in 
his side.“ The main top-mast being shattered to pieces, and 
the splinters being scattered “ in all directions,” is another in- 
stance of the formidableness of lateral explosions. 

I am much obliged to Robert Purk for shewing you his 
shirt; for as the man was not injured, it is pretty clear that 
neither he nor his shirt were struck by the lightning; and that 
it was the lateral force which “ took a strip out of his shirt 
about two inches wide from the shoulder to the wrist without 
hurting him.” ‘The most probable tmmediate cause of the 
shirt being torn was a sudden distention of the air within the 
sleeve. See paragraph 40. 

The cases which occurred in the Hawke cutter were ob- 
viously the effects of lateral electric forces. The boy experi- 
enced a shock only,” not being hit by the lightning. Neither 
did the lightning strike, but only passed close to another 
man, who only experienced a temporary effect in his left arm.” 
I am not certain that you could have produced better data 
than these to prove the injurious effects of lateral explosions. 

Your mode of accommodating your philosophy to facts is truly 
curious and ingenious, and as nearly opposite to that exercised 
by profound reasoners as any one could be led to expect. In 
paragraph 41, you say “ that no damage occurs from a shock 
of lightning out of its direct path.” This beautiful philo- 
sophical inference is a master-piece of its kind, emanating, as 
it obviously does, from the fact which you described the mo- 
ment before, in which you say, “ that the electric matter, in 
passing down the main hatchway, passed between a man and a 
boy ;” and that these persons, who were out of the direct 
path” of the lightning, were both affected by it. 
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From the above specimen of your philosophy I pass on to 
your case No. 12, in which I am glad to find that you view the 
effects of lightning on the New York packet more seriously 
than in paragraph 7.* The best account of the damage done 
in this vessel is that given by Mr. Rich.t The spindle was 
fused for several inches of its length, and the chain “ conduc- 
tor was literally torn to pieces and scattered to the winds.” 

With respect to the Nelson Monument at Edinburgh, I 
have nothing to add to the fact which I have previously stated ; 
excepting that I may here remark, that your attempt to place 
that fact or any other which bears on this important topic, in 
the back-ground, indicates a desire to evade those cases which 
ought to be particularly attended to. It is extreme cases of 
the effects of lightning that ought to be guarded against; and 
if those cases be not provided for, with regard both to the di- 
mensions and position of the metal, no conductor can give the 
necessary protection. 

Your obvious intentional attempt, in paragraph 48, to per- 
vert the meaning of some of those points on which I have 
touched in my fourth memoir, tends to excite a strong suspi- 
cion that the whole of your perversions have emanated from 
some unaccountable motive, of a very different nature to that 
which would have been expected from a person of your pre- 
tensions. How dared you attempt to make it appear that I 
have said “ that we cannot produce a running light upon a 
conductor carrying an electric discharge”? How dared you 
venture to palm upon your readers such a palpable barefaced 
untruth? My language on this topic is the following:“ We 
cannot produce any thing like a running light when the con- 
ductors are sufficiently good and capacious to conceal the 
motion of the fluid; though such a phenomenon may easily be 
produced by the employment of inferior conductors.} 

With respect to the appearances on board the Dryad and 
Beagle, I have already expressed my opinion pretty clearly; 
and I have not met with any statement of the facts which has 
the least tendency to alter that opinion. 

That the Hawk cutter should appear as if “ enveloped in a 
flame of lightning,” from the luminous effects of the flash which 
struck her, appears probable enough, although it is certain that 
nothing of the kind occurred; for “the electric matter in 
passing down the main hatchway, passed between a man and 
a boy, and therefore could not envelope the vessel. The 
flash, prior to its striking an object, produces the greatest lu. 


* Annals of Electricity, vol. iv. p. 487. + Ibid. p. 372. 
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Mr. Sturgeon's fifth Letter to Mr. W. S. Harris. 61 


minous effects; and lightning passing near to either a ship or 
a house would produce similar luminous effects to those which 
appeared to the people on board the Hawk and the Beagle. 

Dr. Franklin’s opinion on these luminous effects of lightning 
will be seen in the Appendix to this letter. 

Another instance of those mean attempts to pervert the 
meaning of certain topics of my fourth memoir appears in 
paragraph 52, in which you take to yourself a great deal of 
credit, by conveving to your readers as profound a falschood 
as ever proceeded from man: stating, as you do, that I have 
admitted that your method of protecting the masts of ships is 
not objectionable. This paltry manœuvre strengthens my 
former suspicions, and gives a very sable coloring to the 
molires from which emanate such unjust aspersions. If you 
had regarded truth, and the just interests of science, whilst 
quoting my remarks on conductors for top-gallant masts, you 
would have directed your readers to paragraphs 221 and 222 
of my fourth memoir,* in which I have stated, tliat, instead 
of only one strip (of copper) to each mast, I should propose 
three in each, at equal distancee from each other; which, by 
having an exposure of metal on every side, would bè a greater 
security to the mast than by having one strip only. And that 
four cylindrical copper rods, or four flexible metallic ropes, 
stretched from the cross-trees to the truck, parallel to the top- 
gallant shrouds, would afford a much better protection to the 
top-gallant rigging than conductors let into the masts.” 

It is not for me to judge of the opinions which other readers 
form of your philosophy, but to me you seem to have been led 
into the most extraordinary inaccuracies in many parts of your 
defence of your lightning conductors ; and, perhaps, in none 
more so, than in the postscript to the preceding paper, in 
which you appear to be determined, either to mislead your 
readers, or, to shew your almost entire ignorance of electro- 
magnetic action. Permit me to ask you a few questions on 
this subject. Do you wish me to understand, that you, a Fel- 
low of the Royal Society, are totally ignorant of Sir Humphrey 
Davy’s experiments, by which that philosopher first mag- 
netized steel needles by transmitting electric discharges from 
a battery of jars, through a vicinal conducting wire? Do you 
wish me to understand that you, a Fellow of the Royal Society, 
with the pretensions of an electro-magnetist, never repeated 
those beautiful experiments ? Do you wish me to understand 
that you, a Fellow of the Royal Society, who, as an inventor of 
a marine lightning conductor ought to be a profound elec- 
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trician and electro-magnetist, that you who are pretending to 
protect the British Navy and our brave tars from the effects of 
lightning,—that you, on whose judgment such mighty interests 
are to be at stake,—are entirely ignorant of the laws of electro- 
magnetism? If you are not entirely ignorant of the magnetic 
action of electric currents traversing good conductors, how 
dared you venture to say, that “it is only in the absence of 
continuous conductors we find such magnetic effects?” If you 
are not entirely ignorant of such magnetic action, how dared 
you venture to stain the pages of British science, to insult the 
dignity of the Royal Society, and, above all, to deceive the 
Lords Commissioners of the Admiralty, and the whole British 
Navy, by propagating such a palpable ſalehood? Will you 
acknowledge that you are ignorant of the magnectic action 
of lightning whilst traversing good conductors; or will you 
have to submit to the degrading position of having wilfully 
conccaled that most important fact, to guard against which is 
one of the most essential considerations in the erection of ma- 
rine lightning conductors ? 

I have paid considerable attention to the statements of 
professors Farrady and Wheatstone in the Report of the 
Committee appointed by the Admiralty*;” but 1 have not 
been able to discover any facts, in those statements, which 
have the least tendency to alter my opinion of your plan of 
conductors, and certainly none whatever tending to invalidate 
any part of my fourth memoir. By quoting M. De Romas’s 
kite experiments, professor Wheatstone has shewn, pretty 
clearly, that electrical discharges such as appeared on the 
conductors of the Dryad and the Beagle, are no sure indica- 
tions of those vessels being struck by lightning; for, as will 
be seen in the appendix to this letter, no lightning was pre- 
sent at the time that the French philosopher was conducting 
his kite experiments, in which he saw “ sheets of fire 9 or 10 
feet long and an inch broad, which made as much or more 
noise than the reports of a pistol.” Perhaps the most re- 
markable feature in the Report of the Committee, is the 
total absence of any consideration respecting the magnetic 
action which lightning would produce on chronometers, com- 
pass needles, &c. whilst traversing vicinal conductors ; the con- 
sequences of which, in misleading the mariner, might be more 
fatal than those from the direct action of the lightning itself. 

I remain, Sir, yours &c, 


W. STURGEON. 
Victoria Gallery, of Practical Science, Manchester, 
June 22nd, 1840. 
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Amongst Dr. Franklin’s remarks on Mr. William Maine’s 
Account of the effects of lightning on his Lightning Rod, we 
find the following : 

“It is said that the house was filled with its flash. Ex- 
pressions like this are common in accounts of the effects of 
lightning, from which we are apt to understand that the light- 
ning filled the house. Our language indeed seems to want a 
word to express the light of lightning as distinct from the 
lightning itself. When a tree on a hill is struck by it, the 
lightning of that stroke exists only in a narrow vein between 
the cloud and tree, but its light fille a vast space many miles 
round ; and people at the greatest distance from it are apt to 
say, the lightning came into our rooms through our windows.” 
As it is in itself extremely bright, it cannot, when so near as 
to strike a house, fail illuminating highly every room in it 
through the windows ; and this I suppose to have been the case 
at Mr. Maine’s; and that, except in and near the hearth, from 
the causes above-mentioned, it was not in any other part of 
the house; the flash meaning no more than the light of the 
lightning.—It is for want of considering this difference, that 
people suppose there is a kind of lightning not attended with 
thunder. In fact there is probably a loud explosion accom- 
panying every flash of lightning, and at the same instant ;— 
but as sound travels slower than light, we often hear the sound 
some seconds of time after having seen the light; and as 
sound does not travel so far as light, we sometimes see the light 
at a distance too great to hear the sound. Franklin’s Letters. 


M. De Romas’s Kite Experiment. 


‘<The greatest quantity of electricity that was ever brought 
from the clouds, by any apparatus prepared for that purpose 
was by M. De Romas, assessor to the presideal of Nerac. 
This gentleman was the first who made use of a wire inter- 
woven in the hempen cord of an electrical kite, which he 
made seven feet ad a half high, and three feet wide, so as to 
have eighteen square feet of surface. This cord was found to 
conduct the electricity of the clouds more powerfully than an 
hempen cord would do, even though it was wetted; and, being 
terminated by a cord of dry silk, it enabled the observer (by 
a proper management of his apparatus) to make whatever ex- 
periments he thought proper, without danger to himself. 

“ By the help of this kite, on the 7th of June, 1753, about 
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one in the afternoon, when it was raised 550 feet from the 
ground, and had taken 780 feet of string, making an angle of 
near forty-five degrees with the horizon; he drew sparks from 
his conductor three inches long and a quarter of an inch 
thick, the snapping of which was heard about 200 paces. 
Whilst he was taking these sparks, he felt, as it were, a 
cobweb on his face, though he was above three feet from the 
string of the kite; after which he did not think it safe to 
stand so near, and called aloud to all the company to retire, 
as he did himself about two fect. 

“ Thinking himself now secure enough, and not being incom- 
moded by any body very near him, he took notice of what passed 
among the clouds which were immediately over the kite; but 
could perceive no lightning either there or any where else, nor 
scarce the least noise of thunder, and there was no rain at all. 
The wind was West, and pretty strong, which raised the kite 
100 feet higher, at least, than in the other experiments. 

‘‘ Afterwards casting his eves on the tin tube, which was 
fastened to the string of the kite, and about three feet from 
the ground, he saw three straws, one of which was about 
one foot long, a second four or five inches, and a third three or 
four inches, all standing erect, and performing a circular 
dance, like puppets, under the tin tube, without touching one 
another, 

‘“‘ This little spectacle, which much delighted several of the 
company, lasted about a quarter of an hour; after which, 
some drops of rain falling, he again perceived the sensation of 
the cobweb on his face, and at the same time heard a con- 
tinual rustling noise, like that of a small forge bellows. This 
was a farther warning of the increase of electricity ; and from 
the first instant that M. De Romas perceived the dancing 
straws, he thought it not advisable to take any more sparks 
even with all his precautions; and he again entreated the com- 
pany to spread themselves to a still greater distance. 

‘“ Immediately after this came on the last act of the entertain- 
ment, which M. De Romas acknowledged made him tremble. 
The longest straw was attracted by the tin tube, upon which 
followed three explosions, the noise of which greatly resembled 
that of thunder. Some of the company compared it to the 
explosion of rockets, and others to the violent crashing of large 
earthen jars against a pavement. It is certain that it was 
heard into the heart of the city, notwithstanding the various 
noises there. 

„The fire that was seen at the instant of the explosion had 
the shape of a spindle eight inches long and five lines in 
diameter. But the most astonishing and diverting circum- 
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stance was produced by the straw, which had occasioned the 
explosion, following the string of the kite. Some of the com- 
pany saw it at 45 or 50 fathoms distance, attracted and re- 
pelled alternately, with this remarkable circumstance, that 
every time it was attracted by the string, flashes of fire were 
seen, and cracks were heard, though not so loud as at the 
time of the former explosion. 

It is remarkable, that, from the time of the explosion to the 
end of the experiments, no lightning at all was seen, nor scarce 
any thunder heard, A smell of sulphur was perceived, much 
like that of the luminous electric effluvia issuing out of the end 
of an electrified bar of metal. Round the string appeared a 
luminous cylinder of light, three or four inches in diameter ; 
and this being in the day-time, M. De Romas did not ques- 
tion but that, if it had been in the night, that electric atmos- 

here would have appeared to be four or five feet in diameter. 

tly, after the experiments were over, a hole was discovered 

in the ground, perpendicularly under the tin tube, an inch 

deep, and half an inch wide, which was probably made by the 
large flashes that accompanied the explosions. 

An end was put to these remarkable experiments by the 
falling of the kite, the wind being shifted into the east, and 
rain mixed with hail coming on in great plenty. Whilst the 
kite was falling, the string came foul of a penthouse; and it 
was no sooner disengaged, that the person who held it felt 
such a stroke in his hands, and such a commotion through his 
whole body, as obliged him instantly to let it go; and the 
string, falling on the feet of some other persons, gave them a 
shock also, though much more tolerable“. 

„The quantity of electric matter brought by this kite from 
the clouds at another time is really astonishing. On the 26th 
of August, 1756, the streams of fire issuing from it were ob- 
served to be an inch thick, and 10 feet long. This amazing 
flash of lightning, the effect of which on buildings or animal 
bodies, would perhaps have been equally destructive with any 
that are mentioned in history, was safely conducted by the 
cord of the kite to a non-electric body placed near it, and the 
report was equal to that of a pistol. 

„M. Romas had the curiosity to place a pigeon in a cage 


\ 


of glass, in a little edifice, which he had purposely placed, so 


as that it should be demolished by the lightning brought down 
by his kite. The edifice was, accordingly, shattered to pieces, 
but the cage and the pigeon were not struckf. 


e Gents. Mag. for August 1756, p 378. 
+ Nollet’s Letters, vol. ii. p. 239. 
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% The Abbé Nollet, who gives this account, adds, that if a 
stroke of this kind had gone through the body of M. De 
Romas. the unfortunate professor Richman had not probably 
been the only martyr to electricity, and advises, that great 
caution be used in conducting such dangerous experiments.“ 

„When we consider how many severe shocks the most cau- 
tious and judicious electricians oſten receive through inadver- 
tence, we shall not be surprised that when philosophers first 
began to collect and make experiments upon real lightning, it 
should sometimes have proved a little untractable in their 
hands, and that they were obliged to give one another fre- 
quent cautions how to proceed with it. 

„% The Abbé Nollet, as early as the 1752, advises that these 
experiments be made with circumspection; as he had been 
ie 79 0 8 by letters from Florence and Bologna, that those 
who had made them there had had their curiosity more than 
satisfied by the violent shocks they had sustained in drawing 
sparks from an iron bar electrified by thunder. One of his 
correspondents informed him, that once, as he was endeavour- 
ing to fasten a small chain, with a copper ball at one of its 
extremities, to a great chain, which communicated with the 
bar at the top of the building (in order to draw off the electric 
sparks by means of the oscillations of this ball) there came a 
flash of lightning, which he did not see, but which affected the 
chain with a noise like that of wild fire. At that instant, the 
electricity communicated itself to the chain of the copper ball, 
and gave the observer so violent a commotion, that the ball 
fell out of his hands, and he was struck backwards four to five 
paces. He had never been so much shocked by the experi- 
ment of Leyden.”+—Priestley’s History of Electricity. 


X.—Description of a Cast Iron Voltaic Battery, and an 
Account of some of its Performances. By William Sturgeon. 


Having given a notice in the last Number, that I would des- 
cribe this battery in the present one, I now proceed to do so. 

The battery consists of ten cast-iron cylindrical vessels, and 
the same number of cylinders of amalgamated rolled zinc with 
diluted sulphuric acid. ‘The cast-iron vessels are 8 inches 
high and 34 inches diameter. ‘The zinc cylinders are the same 
height as the iron ones, and about 2 inches diameter, and open 
throughout. The iron and zinc cylinders are attached, in 
pairs, to each other, by means of a stout copper wire, as seen 


Phil. Trans. vol. lii. pt. i. p. 342. 
+ Phil. Trans. vol. xlviii. pt. i. p. 205. 
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in fig. 7, plate 1. The zinc of one pair is placed in the iron 
of the next, and so on throughout the series; contact being 
prevented by disks of millboard placed in the bottom parts of 
the iron vessels. 

As it is my intention to embody a series of experiments 
made with this batterv, with a number of others, in a paper 
which will appear in the August number of this work, I will 
merely notice a few, in this place, which will give a tolerably 
good idea of its powers. 

With ten pairs in series, I have usually obtained 14 cubic 
inches per minute of the mixed gases from the decomposition 
of water, and 10} cubic inches when the battery had been in 
action an hour and a half. But on the 20th inst. I obtained 
20 cubic inches per minute, and this day I obtained 22 cubic 
inches per minute with the same arrangement; fused 1 inch 
of copper wire of , of an inch diameter; four inches was 
kept white hot; and 18 inches of the same wire was kept red 
hot in broad daylight. 

Eight inches of watch main springs was kept red hot, and 
2 inches white hot, for several successive minutes. 

We now employ this battery daily at this Institution. 


W. STURGEON. 
Noyal Victoria Gallery, 
For the Encouragement of Practical Science, Manchester, 
June 22, 1840. 


XI.—MISCELLANEOUS ARTICLES. 
Curious Remarks on the Wreck of the “ Royal George.” 


At a recent meeting of the Geological Society, there were 
read, Remarks on the structure of the Royal George, and on 
the condition of the timber and other materials brought up 
during the operations of Colonel Pasley in 1839, by Mr. 
Creuze. The Royal George was the first ship built on the 
improved dimensions recommended in consequence of an in- 
quiry into the superior sailing qualities of the vessels of war in 
the French and Spanish services. She was commenced at 
Woolwich in 1746, launched in 1756, and, after bearing a very 
high character as a ship of war for twenty-six years, was acci- 
dentally sunk at Spithead on the 29th of August, 1782. From 
an examination of the various portions of the wreck recovered 
by the operations of Colonel Pasley, Mr. Creuze states that 
the great agent of the work of destruction, during the fifty- 
seven years since the loss of the Royal George, has been “ the 
worm, which has gradually, by its innumerable perforations 
on every exposed portion of the wood work, reduced it to such 
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a state as to enable the constant wash of the tides to abrade it 
layer by layer. ‘The portion of the ship which has thus been 
removed is considered to be the whole of the upper part, in- 
cluding the topsides above the line of the middle-deck poris. 
The portions of the recovered timbers which had been buried 
in the mud were perfectly sound; and Mr. Creuze is of opinion 
that the bottom of the ship, which is thus protected, and too 
deeply inhumed to be affected by the explosion, will last for 
ages. Some portions of the copper have undergone so little 
change, that several whole sheets average the same weight per 
square foot as those now used in the royal navy; and this state 
of preservation, Mr. Creuze believes, may be accounted for on 
the principle applied by Sir Humphrey Davy to the protection 
of the sheathing of ships. The cast-iron guns which have been 
recovered were so much softened as to be easily abraded by the 
finger-nail to the depth of one-sixteenth and one-eighth of an 
inch, but they gradually hardened on exposure to the atmo- 
sphere. The brass guns are as sharp in their omamental cast- 
ings, and apparently as sound, as at their first immersion, A 
piece of two-and-a-half inch cable-layed cordage, made from 
a specimen of tarred rope (possibly part of the ship’s old junk 
for sca-store, or of one of the cables used in an attempt to 
weigh her soon after she sunk), was found to bear 21cwt. 3qrs. 
7lbs.; while a similar cable, made from yarn spun in 1830, 
bore only 20cwt. Iqr. 7lbs. Mr. Creuze then stated some pe- 
culiarities in the structure of the Royal George, and concluded 
with a descriptive catalogue of a senes of specimens which ac- 
companied Mr. Creuze's paper. 


Further Particulars respecting the Royal George, 


Colonel Pasley began his proceedings for the removal of the 
wreck of the Royal George on the Ist of this month, but up to 
this day (Monday) nothing very remarkable was effected. Two 
guns, the rudder, and a considerable quantity of timber were 
recovered ; but as these were merely those fragments of last 
year’s work which the inclemency of the season prevented the 
engineers from picking up, no serious measures were deemed 
necessary till yesterday. At eight o’clock in the morning, the 
red flags at Spithead announced that a great explosion was to 
be attempted: and at eleven o’clock one of those huge cylin- 
ders, which have already been described, and filled with 
2,116lbs. of gunpowder, was lowered to the bottom. One of 
Colonel Pasley’s divers (George Hall), who has acquired great 
expertness in these operations, descended his rope ladder a 
little in advance of the cylinder, and succeeded in fixing it 
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securely to one of the lower gudgeons or braces on the rudder- 
post, within six or eight feet of the keel. The diver having 
remounted, and the vessels being withdrawn to a safe distance, 
the enormous charge was ignited by means of the voltaic ap- 
paratus. Within less than two seconds after the shock was 
felt, the sea rose over the spot to the height of about fifteen 
feet, or not quite half so high as it did on the occasion of the 
great explosions last year; a difference ascribable, probably, 
to the cylinder on the present occasion having been placed 
under the hull instead of alongside it. The commotion in the 
water, however, was so great, as to cause the lumps and lighters 
to pitch and roll at a great rate. The whole surtace of the sea, 
for several hundred yards round, was presently covered with 
dead fish and small fragments of the cylinder. Amongst these 
were innumerable tallow candles, and a mass of butter a foot and 
a half in length, evidently driven up from the purser’s store- 
room. As soon as the vast commotion in the water had sub- 
sided, and the boats had returned from the universal scramble 
for the candles and dead fish, the diver proceeded again to the 
bottom, and soon reported that the whole stern of the ship had 
been driven to pieces, and that, so far as he could ascertain, 
there was now a free and wide channel directly fore and aft the 
ship, from stem to stern, through which both the flood and ebb 
tides will rush; and thus the mud with which the hull of the 
Royal George has been silted for half a century will be washed 
out, and the way cleared for Colonel Pasley’s further opera- 
tions. From the auspicious manner, indeed, in which he has 
commenced, we may safely predict his final success; and we 
5 trust that, before the season closes, Spithead will 
be cleared of this grievous and long-standing drawback to its 
efficiency as a roadstead for line-of-battle ships. 


Further Particulars. 


The operations have continued daily with great activity and 
success, two divers being employed every slack tide in slinging 
the fragments of the wreck. The stern-post has been got up, 
broken into three pieces by the great explosion of the 11th 
instant, together with a large fragment of dead-wood, that 
stood over the keel, and was also connected with the stern- 
post. A very curious mass, consisting of part of the lower 
deck, with a portion of beam, and two knees below the deck- 
plank, and a rider or upright knee above it, together with part 
of a port, and the remaining, both of the inside and outside, 
planking, on each side of a fragment of timber, may now be 
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seen in the Dock Yard. A very large cable has also been got 
up, measuring twenty-four inches round, and about ninety 
fathoms in length, which was generally very sound, but has 
been broken into several pieces, so that the diver had to de- 
scend repeatedly for two or three days before he slung the 
whole of it. All is clear now above the orlop deck, except 
some beams of the lower deck, which still remain. This day 
(Saturday) red flags were hoisted on board the two lumps, at 
ten o'clock, as a signal that two explosions, of 250lbs. of pow- 
der each, would take place at the next slack tide, and two 
divers were sent down to make preparations for placing the 
two charges, one under the main hatch of the orlop deck, the 
other near the bread room. Lieut. Symonds, the executive 
engineer, who made all the arrangements on this occasion, 
as well as for the great explosion of the 1]th, then sent down 
the charges with the divers, and having removed the lumps to 
a little distance, he posted himself at one voltaic battery, 
whilst Sergeant-Major Jones had charge of the other. Colonel 
Pasley then gave the word to fire, but only one explosion took 
place, which was effected by four cells of Professor Daniell's 
battery, at the distance of 240 feet. This produced the usual 
effect of a great commotion in the water, in the form of an in- 
verted bowl, spreading to a considerable distance, but not 
rising to any great height; several seconds elapsed, after a 
sharp shock was felt, before this agitation of the water took 
place. The second explosion, which was to have been fired 
by means of Mr. Alfred Smee’s new voltaic battery, did not 
take place on completing the circuit; but Sergeant-Major 
Jones, feeling the shock of the other explosion, believed it to 
be his own, for he completed the voltaic circuit, on first re- 
ceiving the order to fire. Being ordered to complete the cir- 
cuit a second time, he did so; and on keeping up the contact 
for about four seconds, the explosion was effected at the dis- 
tance of 460 feet. After these explosions, which were wit- 
nessed by Admirals Sir Edward Codrington, and Bouverie, 
Major-General Sir Hercules Pakenham, and a number of 
officers of both services, and numerous other spectators, the 
divers repeatedly went down again, and lashed large pieces of 
timber, amongst which were the parts of a lower deck beam. 
A human skull, with teeth, was also brought up from the after 
part of the wreck, which Colonel Pasley has declared his in- 
tention to bury in Kingston churchyard, together with .such 
other remains of skeletons as may be obtained hereafter. 
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Operations against the Wreck of tlie Royal George,” 
and proposed Great Explosion. 


The mud accumulated in the hold of the wreck having 
proved troublesome to the divers, a number of small 
charges of 47lb. and of 260lb. of gunpowder have been fired 
against the wreck within the last fortnight, and the removal 
of the fragments has proceeded with great activity; but it 
now appears necessary to have recourse to another great 
explosion of about 2, 160lb. of powder, to be placed in a 
wooden cylinder made in Chatham dockyard, which having 
been coated with a waterproof composition, and sunk in 
fifteen fathoms at Spithead, was declared to be perfectly water 
tight. Colonel Pasley has declared his intention of firing this 
great charge at about a quarter before two o’clock on the 
afternoon of Monday, the 22nd instant, when the neap tides 
and long slack water will favour the operation. Red flags 


will be hoisted on board the Success frigate hulk, and the two `: 


lumps or mooring lighters at Spitnead, several hours before 
the explosion on the day above-mentioned. Should a violent 
gale of wind occasion such a swell as to prevent the operation 
on the 22nd, it will be postponed till the 23rd or 24th, and 
each day of delay will cause the explosion to take place about 
three quarters of an bour later than the time before men- 
tioned. 


Sketch of the Life of the late Lieut, Bell. 


“John Bell was the eldest son of a hat-manufacturer of re- 
spectability and considerable property, residing in Carlisle, 
and was born on the Ist of March, 1747. Until he attained 
the age of eighteen, he assisted in the management of his fa- 
ther’s business; indeed, from his parent having engaged in 
Scientific pursuits, and more particularly in the vain endeavor 
to discover the longitude, the duties of the business almost 
Wholly devolved on the subject of this sketch. In the year 
1765, Sergeant Harding, of the Royal Artillery, who was fa- 
miliarly known to the family, being at Carlisle recruiting, young 
Bell was induced to enter into the service of his country, and 
after having received the usual drilling at Woolwich, he in the 
following year embarked for Gibraltar, in the 3rd battalion, 
under Major Innes, where he remained about six years. On 
his return to England, he obtained a furlough, and proceeded 
into the north to visit his relatives, when he found that, during 
his absence, his father had fallen into embarrassments, from 
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having neglected his business, and spent his property in his 
endeavors to obtain the prize offered by government to the 
discoverer of the longitude. Shortly after his return to Wool- 
wich, his expertness in handling the Macaroni Gun elicited 
the applause of his sovereign, who, clapping him on the shoul- 
der, exclaimed, “ Fine young fellow—fine young fellow—make 
a man of you.” From this time his abilities became daily more 
apparent, and his promotion was rapid. He first became 
bombadier in 1775, and was sent on a recruiting mission to 
Carlisle, where, being well known, and his success consequently 
great, he was continued for some months. He was engaged in 
various schemes connected with military pursuits during the 
succeeding seven years, and in 1782 we find him paymaster- 
sergeant and conductor of stores to the artillery encamped on 
South Sea Common. From South Sea Castle he was an eye- 
witness to the foundering of the Royal George, and from that 
time his mind became occupied in devising some plan for 
raising, or, should that be impracticable, for destroying the 
‘wreck. On the treaty of peace with America being ratified, he 
returned to Woolwich, where he was made inspector of the 
proof, which situation he held at the time of his death. Here 
he devoted his leisure hours to the scientific pursuits on which 
the whole energies of his mind were bent, and which his in- 
ventive genius enabled him to exhibit in a series of most ex- 
traordinary and valuable inventions. These it would be useless 
to attempt to describe in a mere biographical sketch, it must, 
therefore, suffice if some of the most remarkable be enumerated. 
And first, may be mentioned the “ Sun Proof,” by which the 
soundness of the interior of ordnance is scrutinised most ef- 
fectually, and this proof is considered so decidedly superior to 
all others, that it is still believed to be used in the royal 
arsenal, and doubtless many a brave fellow is indebted for his 
lengthened existence to the security thus afforded him from the 
bursting of heavy artillery. A gyn, called Bell’s Gyn,” (also 
still in use in the Royal Military Repository,) bears witness to 
his inventive genius, as do further, an effective petard, (a model 
of which may be seen at the laboratory, at Woolwich,) a me- 
thod of destroying ordnance by means of a ponderous weight 
worked at a considerable altitude, and a vanety of minor in- 
ventions and improvements. In 1791, a silver medal and a 
premium of five guineas were awarded to him by the Society 
of Arts, “ For a safe crane, whereby the lives of persons de- 
scending or ascending precipices, wells, shafts of mines, &c., 
will be saved, although the line by which they are suspended 
may by accident be broken.” In 1793, he received a further 
premium of twenty guineas from the same society, “ For a gun 
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and harpoon on a new construction for taking whales, aſter 
satisfactory trials made therewith.“ (Vide Trans. of this So- 
ciety.) Nor must be omitted the notice of his invention for 
destroying sunken bodies by the operation of gunpowder, the 
result of his reflections on the fate of the Royal George. 
Having proved its practicability by blowing up a sunken rock 
in the Frith of Forth, he further demonstrated its utility by ex- 
periments performed at Woolwich before the Duke of Rich- 
mond and other military gentlemen. Having directed a vessel 
to be built upon a scale of one inch to fifty of the thickness of 
the Royal George’s side, he caused it to be sunk in the Thames, 
and with 50lbs. of gunpowder, afterwards conducted into her 
magazine, blew her to pieces. The experiment took place at 
high water, and answered every expectation of the inventor. A 
further experiment was made, which seemed to promise suc- 
cess, viz., the breaking of chains or booms laid across rivers, 
by means of a mine of gunpowder. (Vide Gents. Mag. for 
1789, pages 753 and 947.) From this it is evident that, but 
for his premature death, the Royal George had long ago ceased 
to engage the inventive faculties of scientific minds. Colonel 
Pasley, who is now occupied on that wreck, to his highest 
honour be it spoken, has in a recent letter to the Times, gene- 
rously awarded to Lieut. Bell his ready assent to the claim of 
his being the first projector of this scheme for her demolition, 
although he had not been previously acquainted with it. 

“ But the invention which of all others entitled him to a place 
as well among the “ sons of genius,” as among the benefactors 
of mankind, is that of the “ Apparatus for rescuing shipwrecked 
mariners,” for which the world generally considers itself in- 
debted to Captain Manby. Without the least desire to advance 
any claim derogatory to the fair fame of the gallant captain, we 
must be permitted to adduce such proofs as are afforded (and 
these, we consider, are incontrovertible) that the real merit of 
the invention belongs solely, and in every material respect, to 
the departed genius whose memory we now seck to perpetuate. 
His untimely death afforded Captain Manby the opportunity 
of bringing it more decidedly before the public, and of ob- 
taining the high emolument of which it was considered de- 
serving; let him, therefore, permit the empty honour to gild 
the escutcheon of the undoubted proto-inventor. It is scarcely 
necessary to describe the apparatus, since there can be but few 

rsons who are unacquainted with its nature and uses. The 
models of the whole apparatus, originally deposited by Lieut. 
Bell, may be inspected in the rooms of the Society for the 
Encouragement of Arts and Sciences. Several successful ex- 

eriments were made at Woolwich before the Duke of Rich- 
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mond, then Master-General of the Ordnance, and other distin- 
guished and scientific individuals, when Lieut. Bell, by dis- 
charging a shell from a mortar, threw on shore a rope, by 
which he drew himself to the land with perfect ease, of which 
exploit a living witness now resides at Woolwich, namely, Mr. 
Laycock, who at that time served in the Royal Artillery. His 
success was so perfectly satisfactory, that, in 1792, a premium 
of fifty guineas was awarded to him for the invention by the 
Society of Arts. It would seem that Captain Manby’s claim 
to the originating of this contrivance rested solely upon the 
subtle distinction of his throwing a line across the ship from a 
mortar on Shore, whilst Lieut. Bell’s has been thought to sug- 
gest the throwing it from the vessel only. The following ex- 
tract from Licut. Bell's observations, transmitted to the Society 
of Arts, and published in their transactions, proves that his 
plan comprehended both these methods: —“ there is every 
reason to conclude that this contrivance would be very useful 
at all ports of difficult access, both at home and abroad, where 
ships are liable to stnke ground before they enter the harbour, 
as Shields Bar, and other similar situations, when a line might 
be thrown over the ship, which might probably be the means 
of saving both lives and property; and, morcover, if a ship 
were driven on shore near such a place, the apparatus might 
easily be removed to afford assistance; and the whole per- 
formance is so exceedingly simple, that any person once seeing 
it done, would not want any further instruction. (Vide Trans. 
of the Society of Arts, vol. 25, page 135.) 

In addition to the above convincing proofs of the right of 
Lieut. Bell to the honour of this invention, two extracts are 
subjoined—First, from Lieut. General Farrington’s letter of 
19th January, 1808, transmitting report of the committee of 
field officers of artillery at Woolwich on the Manby apparatus, 
in which the lieut.-general states, that this invention was 
brought forward by the late Lieut. Bell, of the Royal Artillery, 
nearly fourteen years since; his idea was to project the rope 
from the ship to the shore, which is assuredly the method 
most to be depended upon, as the vessel in that case carries 
the means with it, and need not rely on any fortuitous assist- 
ance from the shore.” And, secondly, an extract from the 
letter of Colonel Ramsay, dated October, 1808, containing a 
report of field officers of artillery on the Manby apparatus, in 
which the colonel states, “ that Lieut. Bell was presented 
with a premium from the Society of Arts for a similar appli- 
cation of ordnance to come from the ship to the shcre, and for 
having also suggested its utility in projecting the rope from 
the land to vessels in danger of being wrecked.” (Vide report 
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of the committee of the House of Commons on the application 
of Captain Manby for remuneration for the apparatus.) 

If any proof be required in addition to the above of the true 
person entitled to the merit of this valuable invention, it might 
be found in the fact of the House of Commons having, in the year 
1815, voted the sum of £500 to Mrs. E. Whitfield, as a reward for 
the ingenuity of her father, in discovering the apparatus for res- 
cuing persons in danger of losing their lives by shipwrecks. 

“ Little more remains to be said; his reputation as a man of 
sound practical science was now fully established, and in 1793 
he was presented by the Duke of Richmond, who had fre- 
quently witnessed his experiments and unreservedly expressed 
his high opinion of his abilities, with a commission as second 
lieutenant in the Royal Artillery. Somewhere about this time 
he was despatched on a secret expedition, which had for its 
object the destruction of the Dutch fleet in the Texel, but 
which was abandoned. In January, 1794, he was promoted 
to the rank of first lieutenant in the Invalid Battalion in the 
same regiment, and in this station contmued till his death. 
Lient. Bell died suddenly at Queenborough, on the Ist June, 
1798, in the height of his successful career, whilst engaged in 
improving and fitting out the fire-ships there, after having de- 
voted his best energies to the service of his country, to the 
interests of science, and to the cause of humanity, without 
having reaped those pecuniary benefits which he might have 
reasonably anticipated as the reward of untiring exertions, ter- 
minating in a series of valuable discoveries.” United Service 
Journal. 


Photogenic Art—Engraving. 


It was stated last week, that Dr. Berres, of Vienna, had 
discovered a method of fixing the impressions produced by 
Daguerreotyphy, by means of which these productions can be 
employed instead of engraved plates, and copies therefrom 
printed, as in the course of the ordinary copper plates, &c. We 
now give a copy of the doctor’s account of his discovery :— 

“It was announced in the Vienna Gazette of the 18th of 
April last, that I had succeeded in discovering a method by 
which I was enabled both permanently to fix the pictures pro- 
duced by the method of Daguerré, and to render them avail- 
able to all the purposes of etchings upon copper, steel, &c. 
from which copies might be struck off to any extent, as in the 
case of ordinary engraved productions; and it was stated in 
the same newspaper, that I proposed bringing my discovery 
immediately before the public. 


76 Miscellaneous Articles. 


“As a member of this distinguished society, I consider it 
my duty, first, to make known to this learned body a discovery 
which creates so much hope, and which promises so great a 
benefit to the arts and sciences. The well known expenses 
and difficulties attendant on the publication of an extensive 
work, requiring engravings as illustrations, led me, in the first 
instance, to hope that I might be enabled to render the dis- 
covery of Daguerre available by improvements, to represent 
and fix the objects necessary to my work; and the first view 
of a heliographed picture aroused in me the desire also to re- 
present, in the same manner, microscopic objects, although 
attempts, with the strongest lamplights, to produce engravings 
or etchings had been unsuccessſul, and the idea abandoned as 
hopeless, until revived by a sight of the hydro-oxygen gas 
microscope of M. Schuh, of Berlin, an instrument which, in 
its power and clearness, has never before been equalled or even 
approached. On the 27th February last, I had the honour of 
laying before the learned body the results of the united in- 
vestigations of my distinguished colleague, Professor de 
Ettingshausen, and myself upon this subject, and the per- 
fectly successful experiments of } ictures prepared through the 
process of photography upon microscopic objects. Many 
specimens of the results of our researches and successful at- 
tempts to employ photography for scientific and useful pur- 
poses are now placed before you for examination. Through 
this new method, the Daguerreotype is rendered more exten- 
sively available for scientific uses. Ev ery object which is dis- 
cernible to the eye with clearness, can, in the future, through 
the means of the iodined silver plates, be minutely etched, 
and, true to nature, (for she is herself the artist!) be copied 
with the minutest exactness. But the beautiful representa- 
tions which we are able to produce through the means of the 
Daguerreotype are liable to so many injuries, and are so deli- 
cate, fragile, and evanescent, that they never can be rendered 
available for illustrating works of science and other useful 
purposes. 

“ In a Petersburgh newspaper, of March last, I first saw an 
account of some attempts to bring the Daguerréotype process 
into general use. In the meantime, M. Daguerre had declared, 
before the institute of Paris, the complete “failure of all his at- 
tempts, by means of etching, to obtain the impression even of 
a single copy. 

“ The experiments at St. Petersburgh, and the hope of even- 
tual success, urged me to attempt to make some use of the 
Daguerréotype pictures; and I began, at the commencement 
of this month, my series of experiments. Without recapitu- 
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lating all these, in which I was assisted with cordial zeal by 
M. Francis Kratochwila (a gentleman in the employ of govern- 
ment), and by M. Schuh, who placed at my disposal an im- 
mense number of Daguerrèotype plates, and before I come to 
an explanation of the process by which I render these Da- 
guerreotype pictures permanent and capable of further use, 
I consider it necessary to lay before this learned body the fol- 
lowing observations :— 

„Ist, With the copper plates, as used at present in the 
Daguerreotype process, we can effect only the permancntly 
fixing, never the etching and printing of copies therefrom. 

“2nd, For the heliographic etchings, it is necessary that the 
picture be produced with the required intensity, upon pure 
chemical silver plates. 

“ 3rd, The etching of the Daguerréotype picture is produced 
through the influence of nitric acid, to be explained hereafter. 

“ 4th, For the permanently fixing of the Daguerreotype im- 
pression, a galvanic power is necessary. 

“ 5th, For the changing of the Daguerréotype picture into 
a deep metal etching, so as to be used as a means of printing, 
the chemical process of etching is of itself sufficient. 

“ My newly discovered method of managing the Daguerréo- 

pe pictures may be divided into two processes: | 

“Ist, The permanently fixing the design. 

“ 2nd, The changing of the design, when once permanently 
fixed, into an etching upon the plate. 

“ The method of permanently fixing the Daguerréotype pic- 
ture with a transparent metal coating consists in the following 
process :— 

“ I take the pictures produced in the usual manner, by the 
Daguerreotype process, hold them for some minutes over a 
moderately-warmed nitric acid vapour, or steam, and then lay 
them in nitric acid of 13° to 14° Reaumur, in which a con- 
siderable saa of copper or silver, or both together, has 
been previously dissolved. Shortly after being placed therein, 
a precipitate of metal is formed, and can now be changed to 
what degree of intensity I desire. I then take the heliographic 
picture coated with metal, place it in water, clean it, dry it, 
polish it with chalk or magnesia and a dry cloth or soft lea- 
ther. After this process the coating will become clean, clear, 
and transparent, so that the picture can again be easily seen. 
The greatest care and attention are required in preparing the 
Daguerreotype impressions intended to be printed from. The 
picture must be carefully freed from iodine, and prepared upon 
a plate of the most chemically pure silver. 

„That the production of this picture should be certain of 
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succeeding, according to the experiments of M. Kratochwila, 
it is necessary to unite a silver with a copper plate; while, 
upon other occasions, without being able to explain the rea- 
sons, decp etchings or impressions are produced, without the 
assistance of the copper plate, upon pure silver plate. 

“ The plate will now, upon the spot where acid ought not to 
have dropped, be varnished; then held for one or two minutes 
over a weak warm vapour or steam, of 25° to 30° (Reaumur), 
of nitric acid, and then a solution of gum arabic, of the con- 
sistence of honcy, must be poured over it, and it must be 
placed in an horizontal position, with the impression upper- 
most, for some minutes. Then place the plate, by means of a 
kind of double pincette (whose ends are protected by a coating 
of asphalt or hard wood), in nitric acid, at 12° or 13° (Reaumur). 
Let the coating of gum slowly melt off or disappear, and com- 
mence now to add, though carefully and gradually, at a dis- 
tance from the picture, a solution of nitric acid, of from 25° to 
33°, for the purpose of deepening or increasing the etching 
power of the solution. After the acid has arrived at 16° to 
17° (Reaumur), and gives off a peculiar biting vapour, which 
powerfully affects the sense of smelling, the metal becomes 
softened, and then, generally, the process commences chang- 
ing the shadow upon the plate into a deep engraving or etching. 
This is the decisive moment, and upon it must be bestowed the 
greatest attention. The best method of proving if the acid be 
strong enough is to apply a drop of the acid in which the plate 
now lies to another plate; if the acid make no impression, it 
is, of course, necessary to continue adding nitric acid ; if, how- 
ever, it corrode too deeply, then it is necessary to add water, 
the acid being too strong. The greatest attention must be be- 
stowed upon this process. If the acid has been too potent, a 
fermentation or white froth will cover the whole picture, and 
thus not alone the surface of the picture, but also the whole 
surface of the plate, will quickly be corroded. When, by a 
proper strength of the etching powers of the acid, a soft and 
expressive outline of the picture shall be produced, then may 
we hope to finish this undertaking favorably. We have now 
only to guard against an ill-measured division of the acid, and 
the avoidance of a precipitate. To attain this end, I fre- 
quently lift the plate out of the fluid, taking care that the 
etching power shall be directed to whatever part of the plate it 
may have worked the least, and seek to avoid the bubbles and 
precipitate by a gentle movement of the acid. 

In this manner the process can be continued to the proper 
points of strength and clearness of etching required upon the 
plates from which it is proposed to print. I believe that a man 
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of talent, who might be interested with this art of etching, and 
who had acquired a certain degree of dexterity in preparing 
for it, would very soon arrive at the greatest clearness and per- 
fection; and, from my experience, I consider that he would 
soon be able to simplify the whole process. I have tried very 
often to omit the steaming and the gum arabic; but the result 
was not satisfactory, or the picture very soon after was entirely 
destroyed, so that I was compelled again to have recourse to 
them. 

“ The task which I have undertaken is now fully performed, 
by placing in the hands of this learned body my method of 
etching and printing from the Daguerreotype plates, which 
information, being united to the knowledge and mathematical 
experience we already possess, and published to the world, 
may open a road to extensive improvement in the arts and 
sciences. By thus laying open my statement to the scientific 
world, I hope to prove my devotion to the arts and sciences, 
which can end only with my life.” 


Discovery of the Mariners’ Compass. 


“ Much interest must for ever attach to the discovery of this 
instrument, and yet there are few subjects concerning which 
is less known. For a period, the honour of the invention was 
ascribed to Gioia, a pilot, or ship captain, born at Pasitano, 
asmall village situated near Malphi, or Amalfi, about the end 
of the thirteenth century. His claims, however, have been 
disputed. According to some, he did not invent but improve 
it; and according to others, he did neither. Much learning 
and labor have been bestowed upon the subject of the dis- 
covery. It has heen maintained by one class, that even the 
Phenicians were the inventors; by another, that the Greeks 
and Romans had a knowledge of it. Such notions, however, 

ave been completely refuted. One passage nevertheless, of 
a very remarkable character, occurs in the work of Cardinal 
de Vitry, bishop of Ptolemais, in Syria. He went to Pales- 
tine during the fourth crusade, about the year 1204; he 
returned afterwards to Europe, and subsequently went back 
to the Holy Land, where he wrote his work entitled“ Historia 

rientalis, as nearly as can be determined, between the years 
1215 and 1220. In chap. xci of that work he has this 
singular passage: —“ the iron needle, after contact with the 
loadstone, constantly turns to the north star, which, as the 
axis of the firmament, remains immoveable, whilst the others 
revolve; and hence it is essentially necessary to those navi- 
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gating on the ocean.” These words are as explicit as they 
are extraordinary; they state a fact, and announce a use. 
The thing, therefore, which essentially constitutes the com- 
pass, must have been known long before the birth of Gioia. 
In addition to this fact, there is another equally fatal to his 
claims as the original discoverer: it is now settled beyond a 
doubt, that the Chinese were acquainted with the compass 
long before the Europeans. It is certain that there are allu- 
sions to the magnetic needle in the traditionary period of 
Chinese history, about 2,600 years before Christ; and a still 
more credible account of it is found in the reign of Ching- 
wang, of the Chow dynasty, before Christ 1,114. All this, 
however, may be granted, without in the least impairing the 
just claims of Gioia to the gratitude of mankind. ‘The truth 
appears to be this: the position of Gioia, in relation to the 
compass, was precisely that of Watt in relation to the steam 
engine—the element existed, he augmented its utility. The 
compass used by the mariners in the Mediterranean, during 
the twelfth and thirteenth centures, was a very uncertain and 
unsatisfactory apparatus. It consisted only of a magnetic 
needle floating in a vase or basin by means of two straws or 
a bit of cork supporting it on the surface of the water. The 
compass used by the Arabians in the thirteenth century was 
an instrument of exactly the same description. Now the in- 
convenience and inefficiency of such an apparatus are obvious ; 
the agitation of the ocean, and the tossing of the vessel, 
might render it useless ina moment. But Gioia placed the 
magnetized needle on a pivot, which permits it to turn to all 
sides with facility. Afterwards, it was attached to a card, 
divided into thirty-two points, called Rose des Vents; and 
then the box containing it was suspended in such a manner, 
that however the vessel might be tossed, it would always re- 
main horizontal. The result of an investigation participated 
by men of various nations, and possessing the highest degree 
of competency, may thus be stated. ‘The discovery of the 
directive virtue of the magnet was made anterior to the time 
of Gioia. Before that period, navigators, both in the Medi- 
terranean and Indian seas, employed the magnetic needle ; 
but Gioia, by his invaluable improvement in the principle of 
suspension, is fully entitled to the honor of being considered 
the real inventor, in Europe, of the compass as it now exists.” — 
Campbell’s Maritime Discovery. 
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§ 18. On Induction (continued). J vii. Conduction, or con- 
ductive discharge. I viii. Electrolytic discharge. ix. 
Disruptive discharge—Insulation— Spark—Brush—Dif- 
Jerence of discharge at the positive and negative surfaces 
of conductors. 


1318. I proceed now, according to my promise, to ex- 
amine, by the great facts of electrical science, that theory of 
induction which I have ventured to put forth (1165. 1295. &c.) 
The principle of induction is so universal that it pervades all 
electrical phenomena; but the general case which I purpose 
at present to go into, consists of insulation traced into and 
terminating with discharge, with the accompanying effects, 

is case includes the various modes of discharge, and also 
the condition and characters of a current; the elements of 
magnetic action being amongst the latter. I shall necessarily 
have occasion to speak theoretically, and even hypothetically ; 
and though these papers profess to be experimental researches, 
Thope that, considering the facts and investigations contained 
in the last series in support of the particular view advanced, 
Vor. V.—No. 26, August, 1840. I, 
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I shall not be considered as taking too much liberty on the 
present occasion, or as departing too far from the character 
which they ought to have, especially as I shall use every 
opportunity which presents itself of returning to that strong 
test of truth, experiment. 

1319. Induction has as yet been considered in these papers 
only in cases of insulation ;—opposed to insulation is discharge. 
The action or effect which may be expressed by the general 
term discharge, may take place, as far as we are aware at 
present, in several modes: Thus, that which is simply called 
conduction involves no chemical action, and apparently no 
displacement of the particles concerned. A second mode 
may be called electrolytic discharge; in it chemical action 
does occur, and particles must, to a certain degree, be dis- 
placed. A third mode, namely, that by sparks or brushes 
may, because of its violent displacement of the particles of the 
dielectric in its course, be called the disruptive discharge; 
and a fourth may, perhaps, be conveniently distinguished for 
a time by the words convection, or carrying discharge, being 
that in which discharge is effected either by the carrying 
power of solid particles, or those of gases and liquids. Here- 
after, perhaps, all these modes may appear as the result of 
one common principle, but at present they require to be con- 
sidered apart; and I will now speak of the first mode, for 
amongst all the forms of discharge that which we express by 
the term conduction appears the most simple and the most 
directly in contrast with insulation. 


€ vii. Conduction, or conductive discharge. 


1320. Though assumed to be essentially different, yet neither 
Cavendish nor Poisson attempt to explain by, or even state 
in, their theories, what the essential difference between insu- 
lation and conduction is. Nor have J anything, perhaps, to 
offer in this respect, except that, according to my view of 
induction, both it and conduction depend upon the same mole- 
cular action of the dielectrics concerned; are only extreme 
degrees of one common condition or effect; and in any suffi- 
cient mathematical theory of electricity must be taken as cases 
of the same kind. Hence the importance of the endeavour 
to shew the connexion between them under my theory of the 
electrical relations of contiguous particles. 

1321. ‘Though the action of the insulating dielectric in the 
charged Leyden jar, and that of the wire in discharging it, may 
seem very different, they may be associated by numerous inter- 
mediate links, which carry us on from one to the other, leaving, 
I think, no necessary connexion unsupplied. We may ob- 
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serve some of these in succession for information respecting 
the whole case. 

1322. Spermaceti has been examined and found to be a die- 
lectric, through which induction can take place (1240. 1246), 
its specific inductive capacity being about or above 1°8 (1279,) 
and the inductive action has been considered in it, as in all other 
substances, an action of contiguous particles. 

1323. But spermacetiis also a conductor, though in so low a 
degree that we can trace the process of conduction, as it were, 
step by step through the mass (1247.); and even when the 
electric force has travelled through it to a certain distance, we 
can, by removing the coercitive (which is at the same time 
the inductive) force, cause it to return upon its path and re- 
appear in its first place (1245. 1246.) Here induction appears 
to be a necessary preliminary to conduction. It, of itself, brings 
the contiguous particles of thedielectric into a certain condition, 
which, if retained by them, constitutes insulation, but if low- 
ered by the communication of power from one particle to 
another, constitutes conduction. 

1324. If glass or shell-lac be the substances under consider- 
ation, the same capabilities of suffering either induction or con- 
duction through them appear (1233. 1239. 1247.), but not inthe 
same degree. ‘Theconduction almost disappears (1239. 1242.) ; 
the induction therefore is sustained, i. e. the polarized state 
into which the inductive force has brought the contiguous par- 
ticles is retained, there being little discharge action between 
them, and therefore the insulation continues. But, what dis- 
charge there is, appears to be consequent upon that condition 
of the particles into which the induction throws them ; and thus 
it is that ordinary insulation and conduction are closely asso- 
ciated together, or rather are extreme cases of one common 
condition. 

1325. In ice or water we have a better conductor than sperm- 
aceti, and the phenomena of induction and insulation therefore 
T disappear, because conduction quickly follows upon 
the assumption of the inductive state. But let a plate of cold 
ice have metallic coatings on its sides, and connect one of 
these with a good electrical machine in work, and the other 
with the ground, and it then becomes easy to observe the 
phenomena of induction through the ice, by the electrical ten- 
sion which can be obtained and continued on both the coatings 
(419. 426.) For although that portion of power which at one 
moment gave the inductive condition to the particles is at the 
Bext lowered by the consequent discharge due to the conduc- 
tive act, it is succeeded by another portion of force from the 
machine to restore the inductive state. Ifthe ice be converted 
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into water, the same succession of actions can be just as easily 
proved, provided the water be distilled, and, (if the machine 
be not powerful enough) a voltaic battery be employed. 

1326. All these considerations impress my mind strongly with 
the conviction, that insulation and ordinary conduction cannot 
be properly separated when we are examining into their nature; 
that is, into the general law or laws under which their phe- 
nomena are produced. ‘They appear to me to consist in an 
action of contiguous particles, dependent on the forces devel- 
oped in electrical excitement ; these forces bring the particles 
into a state of tension or polarity, which constitutes both induc- 
tion and insulation ; ani being in this state, the continuous 
particles have a power or ae tome of communicating their 
forces one to the other, by which they are lowered, and dis- 
charge occurs. Every body appears to discharge (444); but 
the possession of this capability ın a greater or smaller degree 
in different bodies, makes them better or worse conductors, 
worse or better insulators; and both induction and conduction 
appear to be the same in their principle and action (1320.), 
except that in the latter an effect common to both is raised to 
the highest degree, whereas in the former it occurs in the best 
cases, in only an almost insensible quantity. 

1327. That in our attempts to penetrate into the nature of 
electrical action, and to deduce laws more general than those 
we are at present acquainted with, we should endeavor to bring 
apparently opposite effects to stand side by side in harmonious 
arrangement, is an opinion of long standing, and sanctioned 
by the ablest philosophers. yee therefore, I may be ex- 
cused the attempt to look at the highest cases of conduction 
as analagous to, or even the same in kind with, those of induc- 
tion and insulation. 

1328. If we consider the slight penetration of sulphur (1241. 
1242.) or shell-lac( 1234.) by electricity, or the feebler insulation 
sustained by spermaceti (1279. 1240.), as essential conse- 
quences and indications of their conducting power, then may 
we look on the resistance of metallic wires to the passage of 
electricity through them as insulating power. Of the numer» 
ous well known cases fitted to shew this resistance in what are 
called the perfect conductors, the experiments of Professor 
Wheatstone best serve my present purpose, since they were 
carried to such an extent as to shew that time entered as an 
element into the conditions of conduction* even in metals. 
When discharge was made through a copper wire 2640 feet 
in length, and 1-15th of an inch in diameter, so that the lu- 
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minous sparks at each end of the wire, and at the middle, 
could be observed in the same place, the latter was found to 
be sensibly behind the two former in time, ee by the 
conditions of the experiment, simultaneous. Hence a proof 
of retardation ; and what reason can be given why this retard- 
ation should not be of the same kind as that in spermaceti, or 
in lac, or sulphur? But as, in them, retardation is insula- 
tion, and insulation is induction, why should we refuse the 
same relation to the same exhibitions of force in the metals. 

1329. We learn from the experiment, that if time be allowed 
retardation is gradually overcome; and the same thing obtains 
for the spermaceti, the lac, and glass; give but time in pro- 
portion to the retardation, and the latter is at last m 
But if that be the case, and all the results are alike in kind, 
the only difference being in the length of time, why should we 
refuse to metals the previous inductive action, which is ad- 
mitted to occur in the other bodies? The diminution of time 
is no negation of the action; nor is the lower degree of tension 
requisite to cause the forces to traverse the metal, as compared 
to that necessary in the cases of water, spermaceti, or lac. 
These differences would only point to the conclusion, that in 
metals the particles under induction can transfer their forces 
when at a lower degree of tension or polarity, and with greater 
facility than in the instances of the other bodies. 

1330. Let us look at Mr. Wheatstone’s beautiful experiment 
in another point of view. If, leaving the arrangement at the 
middle and two ends of the long copper wire unaltered, we 
remove the two intervening portions and replace them by 
wires of iron or platina, we shall have a much greater retar- 
dation of the middle spark than before. If, removing the 
iron, we were to substitute for it only five or six feet of water 
in a cylinder of the same diameter as the metal, we should 
have still greater retardation. If from water we passed to 
spermaceti, either directly or by gradual steps through other 
bodies, (even though we might vastly enlarge the bulk, for 
the purpose of evading the occurrence of a spark elsewhere 
(1331.) than at the three proper intervals,) we should have 
still greater retardation, until at last we might arrive, by 
degrees so small as to be inseparable from each Other, at 
actual and permanent insulation.. What, then, is to separate 
the principle of these two extremes, perfect conduction and 
poet insulation, from each other; since the moment we 
leave in the smallest degree perfection at either extremity, we 
involve the element of perfection at the opposite end? 
5 too, as we have not in nature the case of perfection 
either at one extremity or the other, either of insulation or 
conduction. 
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1331. Again, to return to this beautiful experiment in the 
various forms which may be given to it: the forces are not all 
in the wire (after they have left the Leyden jar) during the 
whole time (1328.) ee ae by the discharge; they are dis- 
posed in part through the surrounding dielectric under the 
well-known form of induction; and if that dielectric be air, 
induction takes place from the wire through the air to sur- 
rounding conductors, until the ends of the wire are electri- 
cally related through its length and discharge has occurred, 
i. e. for the time during which the middle spark is retarded 
beyond the others. This is well shewn by the old experiment, 
in which a long wire is so bent that two parts (Plate 2, 
fig. 1. a. ö.) near its extremities shall approach within a short 
distance, as a quarter of an inch, of each other in the air. If 
the discharge of a Leyden jar, charged to a sufficient degree, 
be sent through such a wire, by far the largest portion of the 
electricity will pass as a spark across the air at the interval, 
and not by the metal. Does not the middle part of the wire, 
therefore, act here as an insulating medium, though it be of 
metal ? and is not the spark through the air an indication of 
the tension (simultaneous with tnduction) of the electricity in 
the ends of this single wire? Why should not the wire and 
the air both be regarded at dielectrics; and the action at its 
commencement, and whilst there is tension, as an inductive 
action? If it acts through the contorted lines of the wire, so 
it also does in curved lines through air (1219. 1224.), and 
other insulating dielectrics (1228.); and we can „ 
go so far in the analogy, whilst limiting the case to the induc- 
tive action only, as to shew that amongst insulating dielectrics 
some lead away the lines of force from others (1229.), as the 
wire will do from worse conductors, though in it the principal 
effect is no doubt due to the ready discharge between the 

articles whilst in a low state of tension. ‘The retardation is 
or the time insulation; and it seems to me we may just as 
fairly compare the air at the interval a, b, (fig. I.) and the 
wire in the circuit, as two bodies of the same kind and acting 
upon the same principles, as far as the first inductive pheno- 
mena are concerned, notwithstanding the different forms of 
discharge which ultimately follow,* as we may compare, 
according to Coulomb's investigations, f different lengths of 
different insulating bodies required to produce the same 
amount of insulating effect. 


* These will be examined hereafter (1348, Kc.) 


Memoires de |’ Academie, 1785, p. 612, or Ency. Britann. First Supp. 
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1332 This comparison is still more striking when we take 
into consideration the experiment of Mr. Harris, in which he 
stretched a fine wire across a glass globe, the air within being 
rarefied.* On sending a charge through the joint arrange- 
ment of metal and rare air, as much, if not more, electricity 
passed by the latter as by the former. In the air, rarefied as 
it was, there can be no doubt the discharge was preceded by 
induction (1284.); and to my mind all the circumsta@ces 
indicate that the same was the case with the metal; that, in 
fact, both substances are dielectrics, exhibiting the same effects 
in consequence of the action of the same causes, the only 
variation being one of degree in the different substances 
employed. 

1333. Judging on these principles, velocity of discharge 
through the same wire may be varied greatly by attending to 
the cirumstances which cause variations of discharge through 

rmaceti or sulphur. ‘Thus, for instance, it must vary 
with the tension or intensity of the first urging force (1234. 
1240.), which tension is charge and induction. So if the two 
ends of the wire, in Professor Wheatstone’s experiment, were 
immediately connected with two large insulated metallic sur- 
faces exposed to the air, so that the primary act of induction, 
after making the contact for eile Sr might be in part 
removed from the internal portion of the wire at the first 
instant, and disposed for the moment on its surface jointly 


with the air and surrounding conductors, then I venture to 


anticipate that the middle spark would be more retarded than 
before; and if these two plates were the inner and outer coating 
of a large jar or a Leyden battery, then the retardation of that 
spark would be still greater. 

1334. Cavendish was perhaps the first to shew distinctly 
that discharge was not always by one channel, but, if several 
are present, by many at once. We may make these different 
channels of different bodies, and by proportioning their thick- 
nesses and lengths, may include such substances as air, lac, 
spermaceti, water, protoxide of iron, iron and silver, and by 
one discharge make each convey its proportion of the electric 
force. Perhaps the air ought to be excepted, as its discharge 
oY conduction is questionable at present; but the others may 

be limited in their mode of discharge to pure conduction. 
Yet several of them suffer previous induction, precisely like 
the induction through the air, it being a necessary preliminary 
to their discharging action. How can we therefore separate 


* Philosophical Transactiuns, 1834, p. 242. 
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any one of these bodies from the others, as to the principles 
and mode of insulating and conducting, except by mere de- 
gree? All seem to me to be dielectrics acting alike, and under 
the same common laws. 

1335. I might draw another argument in favor of the 
general sameness, in nature and action, of good and bad con- 
ductors (and all the bodies I refer to are conductors more or 
les, from the perfect equipoise in action of very different 
bodies when opposed to each other in magneto-electric induc- 
tive action, as formerly described (213.), but am anxious to 
be as brief as is consistent with the clear examination of the 
probable truth of my views. 

1336. With regard to the possession by the gases of any 
conducting power of the simple kind now under consideration, 
the question is a very difficult one to determine at present. 
Experiments seem to indicate that they do insulate certain 
low degrees of tension perfectly, and that the effects which 
may have a? aes to be occasioned by conduction have been 
the result of the carrying power of the charged particles, 
either of the air or of dust, in it. It is equally certain, how- 
ever, that with higher degrees of tension or charge they dis- 
charge to one another, and that is conduction. If they possess 
the power of insulating a certain low degree of tension con- 
tinuously and perfectly, such a result may be due to their 
peculiar physical state, and the condition of separation under 
which their particles are placed. But in that, or in any case, 
we must not forget the fine experiments of Cagniard de la 
Tour,* in which he has shewn that liquids and their vapors 
can be made to pass gradually into each other, to the entire 
removal of any marked distinction of the two states. Thus, 
hot dry steam and cold water pass by insensible gradations 
into each other; yet the one is amongst the gases as an insu- 
lator, and the other a comparatively good conductor. As to 
conducting power, therefore, the transition from metals even 
up to gases is gradual; substances make but one series in this 
respect, and the various cases must come under one condition 
and law (444.) The specific differences of bodies as to con- 
ducting power only serve to strengthen the general argument 
that conduction, like insulation, is a result of induction, and 
is an action of contiguous particles. 

1337. I might go on now to consider induction and its 
concomitant, conduction, through mixed dielectrics, as, for 
instance, when a charged body, instead of acting across air 
to a distant uninsulated conductor, acts jointly through it and 


* Annalesde Chimie, xxi. pp.127.178. or Quarterly Journal of Science, xv.145. 
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an interposed insulated conductor. In such a case, the air 
and the conducting body are the mixed dielectrics; and the 
latter assumes a polarized condition as a mass, like that which 
my theory assumes each particle of the air to possess at the 
same time. But I fear to be tedious in the present condition 
of the subject, and hasten to the consideration of other matter. 

1338. To sum up, in some degree, what has been said, I 
look upon the first effect of an excited body upon neighbouring 
matters to be the production of a polarized state of their par- 
ticles, which constitutes induction; and this arises from its 
action upon the particles in immediate contact with it, which 
again act upon those contiguous to them, and thus the forces 
are transferred to a distance. If the induction remain undi- 
minished, then perfect insulation is the consequence; and 
the higher the polarized condition which the particles can ac- 
quire or maintain, the higher is the intensity which may be 
given to the acting forces. If, on the contrary, the contigu- 
ous particles, upon acquiring the polarized state, have the 
power to communicate their furces, then conduction occurs, 
and the tension is lowered, conduction being a distinct act of 
discharge between neighbouring particles. The lower the 
state of tension at which this discharge between the particles 
of a body takes place, the better conductor is that body. In 
this view, insulators may be said to be bodies whose particles 
can retain the polarized state: whilst conductors are those 
whose particles cannot be permanently polarized. If I be 
right in my view of induction, then I consider the reduction 
of these two effects (which have been so long held distinct) to 
an action of contiguous particles obedient to one common law, 
as a very important result; and, on the other hand, the 
identity of character which the two acquire when viewed by 
the theory (1326.), is additional presumptive proof in favor 
of the correctness of the latter. 


1339. That heat has great influence over simple conduction 
is well known (445.), its effect being, in some cases, almost 
an entire change of the characters of the body (432. 1340.) 
Harris has, however, shewn that it in no respect affects gas- 
eous bodies, or at least air;* and Davy has taught us that, as 
a class, metals have their conducting power diminished by it. f 

1340. I formerly described a substance, sulphuret of silver, 
whose conducting power was increased by heat (433. 437. 
438.) ; and I have since then met with another as strongly 
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affected in the same way: this is fluoride of lead. When a 
iece of that substance, which had been fused and cooled, was 
introduced into the circuit of a voltaic battery, it stopped the 
current. Being heated, it acquired conducting powers betore 
it was visibly red hot in daylight; and even sparks could be 
taken against it whilst still solid. The current alone then 
raised its temperature (as in the case of sulphuret of silver) 
until it fused, after which it seemed to conduct as well asthe 
metallic vessel containing it; for whether the wire used to 
complete the circuit touched the fused fluoride only, or was in 
contact with the platina on which it was supported, no sensible 
difference in the current was observed. During all the time 
there was scarcely a trace of decomposing action on the 
fluoride, and what did occur seemed referable to the air and 
moisture of the atmosphere, and not to electrolytic action. 

1341. I have now very little doubt that periodide of mer- 
cury (414. 448. 691.) is a case of the same kind, and also 
corrosive sublimate (692). I am also inclined to think, since 
making the above experiments, that the anomalous action of 
the protoxide of antimony, formerly observed and described 
(693. 801.), may be referred in part to the same cause. 

1342. I have no intention at present of going into the par- 
ticular relation of heat and electricity, but we may hope here- 
after to discover by experiment the law which probably holds 
together all the above effects with those of the evolution and 
the disappearance of heat by the current, and the striking and 
beautiful results of thermo-electricity, in one common bond. 


J vii. Electrolytic Discharge. 


1343. I have already expressed in a former paper (1164.) 
the view by which I hope to associate ordinary induction and 
electrolyzation. Under that view, the discharge of elec- 
tric forces by electrolyzation is rather an effect superadded, 
in a certain class of bodies, to those already described as con- 
stituting induction and insulation, than one independent of, 
and distinct from, these phenomena. 

1344. Electrolytes, as respects their insulating and con- 
ducting forces, belong to the general category of bodies 
(1320. 1334.); and if they are in the solid state (as nearly all 
can assume that state), they retain their place, presenting 
then no new phenomenon (426, &c.); or if one occur being 
in so small a proportion as to be almost unimportant. When 
liquefied, they also belong to the same list whilst the electric 
intensity is below a certain degree; but at a given intensity 
(910.912. 1007.), fixed for each, and very low in all known cases, 


Dr. Faraday’s Researches in Electricity. 91 


they play a new part, causing discharge in proportion (783.) 
to the developement of certain chemical effects of combination 
and decomposition; and at this point, move out from the 
the general class of insulators and conductors, to form a dis- 
tinct one by themselves. The former phenomena have been 
considered (1320. 1338.) ; it is the latter which have now to 
be revised, and used as a test of the proposed theory of 
induction. 

1345. The theory assumes, that the particles of the dielec- 
tric (now an electrolyte) are in the first instance brought, by 
ordinary inductive action, into a polarized state, and raised to 
a certain degree of tension or intensity before discharge com- 
mences ; the inductive state being, in fact, a necessary 
preliminary to discharge. By taking advantage of those cir- 
cumstances which bear upon the point, it is not difficult to 
increase the tension indicative of this state of induction, and 
so make the state itself more evident. Thus, if distilled 
water be employed,and a long narrow portion of it placed 
between the electrodes of a powerful voltaic battery, we have 
at once indications of the intensity which can be sustained at 
these electrodes by the inductive action through the water as 
a dielectric, for sparks may be obtained, gold leaves diverged, 
and Leyden bottles charged at their wires. The water is in 
the condition of the spermaceti (1322. 1323.), a bad conductor 
and a bad insulator ; but what it does insulate is by virtue of 
inductive action, and that induction is the preparation for, and 
precursor of, discharge (1338.) 

1346. The induction and tension which appear at the limits 
of the portion of water in the direction of the current, are only 
the sums of the induction and tension of the contiguous par- 
ticles between those limits; and the limitation of the inductive 
tension, to acertain degree shews (time entering in each case 
as an important element of the result), that when the par- 
ticles have acquired a certain relative state, discharge, or a 
eel of forces equivalent to ordinary conduction, takes 
place. 

1347. In the inductive condition assumed by water before 
discharge comes on, the particles polarized are the particles 
of the water, that being the dielectric used; but the discharge 
between particle and particle is not, as before, a mere inter- 
change of their powers or forces at the polar parts, but an 
actual separation of them into their two elementary particles, 
the oxygen travelling in one direction, and carrying with it 
its amount of the force it had acquired during the polarization, 
and the hydrogen doing the same thing in the other direction, 
until they each meet the next approaching particle, which is 
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in the same electrical state with that they have left, and by 
association of their forces with it, produce what constitutes 
discharge. This part of the action may be regarded as a 
carrying one (1319.), performed by the constituent parti- 
cles of the dielectric. The latter is always a compound 
body (664. 823.); and by those who have considered the 
subject and are acquainted with the philosophical view of 
transfer which was first put forth by Grotthuss,* its particles 
may easily be compared to a series of metallic conductors un- 
der inductive action, which, whilst in that state, are divisible 
into these elementary movable halves. 

1348. Electrolytic discharge depends, of necessity, upon 
the non-conduction of the dielectric as a whole, and there are 
two steps or acts in the process: first a polarization of the 
molecules of the substance, and then a lowering of the forces 
by the separation, advance in opposite directions, and recom- 
bination of the elements of the molecules, they being, as it 
were, the halves of the originally polarized conductors or 
particles. | 

1349. These views of the decomposition of electrolytes and 
the consequent effect of discharge, which, as to the particular 
tase, are the same with those of Grotthuss (481.) and Davy 
(482.), though they differ from those of Biot (487.) De la 
Rive (490.), and others, seem to me to be fully in accordance 
not merely with the theory Ihave given of induction generally 
(1165.), but with all the known facts of common inductiọn, 
conduction, and electrolytic discharge; and in that respect 
help to confirm, in my mind, the truth of the theory set forth. 
The new mode of discharge which electrolyzation presents 
must surely be an evidence of the action /f contiguous par- 
ticles ; and as this appears to depend directly upon a previous 
inductive state, which is the same with common induction, it 
greatly strengthens the argument which refers induction in all 
cases to an action of contiguous particles also (1295, &c.). 

1350. As an illustration of the condition of the polarized 
particles in a dielectric under induction, I may describe an 
experiment. Put into a glass vessel some clear rectified oil 
of turpentine, and introduce two wires passing through glass 
tubes where they are at the surface of the fluid, and termi- 
nating either in balls or poinfs. Cut some very clean dry 
white silk into small particles, and put these also into the lic 
quid; then electrify one of the wires by an ordinary machine 
and discharge by the other. The silk will immediately gather 
from all parts of the liquid, and form a band of particles 


* Annals de Chimie, Ixviii. 60 and Ixiii. 20, 
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reaching from wire to wire, and if touched by a glass rod will 
shew considerable tenacity; yet the moment the supply of 
electricity ceases, the band will fall away and disappear by 
the dispersion of its parts. The conduction by the silk is 
in this case very small; and after the best examination I 
could give to the effects, the impression on my mind is, that 
the adhesion of the whole is due to the polarity which each 
filament acquires, exactly as the particles of iron between the 
poles of a horse-shoe magnet are held together in one mass by 
a similar disposition of forces. The particles of silk therefore 
represent to me the condition of the molecules of the dielec- 
tric itself, which I assume to be polar, just as that of the silk 
is. In all cases of conductive discharge the contiguous polar- 
ized particles of the body are able to effect a neutralization 
of their forces with greater or less facility, as the silk does 
also in a very slight degree. Further we are not able to 
carry the parallel, except in imagination; but if we could 
divide each particle of silk into two halves, and let each half 
travel until it met and united with the next half in an opposite 
state, it would then exert its carrying power (1347.), and so 
far represent electrolytic discharge. 

1351. Admitting that electrolytic discharge is a conse- 
quence of previous induction, then how evidently do its 
numerous cases point to induction in curved lines (1216.), 
and to the divergence or lateral action of the lines of induc- 
tive force (1231.), and so strengthen that part of the general 
argument in the former paper! If two balls of platina, form- 
ing the electrodes of a voltaic battery, are put into a large 
vessel of dilute eulphuric acid, the whole of the surfaces are 
covered with the respective gases in beautifully regulated pro- 
portions, and the mind has no difficulty in conceiving the di- 
rection of the curved lines of discharge, and even the intensity 
of force of the different lines by the quantity of gas evolved 
upon the different parts of the surface. Hence the general 

ects of diffusion ; the appearance of the anions or cathions 
round the edges on the further side of the electrodes when in 
the form of plates; the manner in which the current or dis- 
charge will follow all the forms of electrolyte, however con- 
torted. Hence the effects which Nobili has so well examined 
and described* in his papers on the distribution of currents 
in conducting masses. All these effects indicate the direction 
of the currents or discharges which occur in and through 
the dielectrics, and these are in every case preceded by 
equivalent inductive actions of the contiguous particles. 


e Bibliotheque Universelle, 1835, lix. 268, 416. 
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1352. Hence also the advantage, when the exciting forces 
are weak or require assistance, of enlarging the mass of the 
electrolyte; of increasing the size of the electrodes; of 
making the coppers surround the zincs :—all is in harmony 
with the view of induction which Iam endeavoring to examine ; 
I do not perceive as yet one fact against it. 

1353. There are many points of electrolytic discharge which 
ultimately will require to be very closely considered, though 
I can but slightly touch upon them. It is not that, as far as 
I have investigated them, they present any contradiction to 
the view taken (for I have carefully, though unsuccessfully, 
sought for such cases), but simply want of time as yet to 
pursue the inquiry, which prevents me from entering upon 
them here. 

1354. One point is, that different electrolytes or dielectrics 
require different initial intensities for their decomposition 
6 This may depend upon the degree of polarization 
which the particles require before electrolytic discharge 
commences. lt is in direct relation to the chemical affinity 
of the substances concerned ; and will probably be found to 
have a relation or analogy to the specific inductive capacity 
of different bodies (1252. 1296.). ie thus promises to assist 
in causing the great truths of those extensive sciences, which 
are occupied in considering the forces of the particles of 
matter, to fall into much closer order and arrangement than 
they have heretofore presented. 

1355. Another point is, the facilitation of electrolytic 
conducting power or sa by the addition of substances 
to the dielectric employed. ‘This effect is strikingly shewn 
where water 1s the body whose qualities are improved, but, as 
yet, no general law governing all the phenomena has been de- 
tected. Thus some acids, as the sulphuric, phosphoric, oxalic, 
and nitric, increase the power of water enormously ; whilst 
others, as the tartaric and citric acids, give but little power; 
and others, again, as the acetic and boracic acids, do not 
produce a change sensible to the voltameter (739.). Ammonia 
produces no effect, but its carbonate does. The caustic 
alkalies and their carbonates produce a fair effect. Sulphate 
of soda, nitre (753.), and many soluble salts produce much 
effect. Percyanide of mercury and corrosive sublimate pro- 
duce no effect ; nor does iodine, gum, or sugar, the test being 
a voltameter. In many cases the added substance is acted 
on either directly or indirectly, and then the phenomena are 
more complicated ; such substances are muriatic acid (758.), 
the soluble protochlorides, (766.), and iodides (769.), nitric 
acid (752.), &c. In other cases the substance added is not, 
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when alone, subject to, or, a conductor of the powers of the 
voltaic battery, and yet both gives and receives power when 
associated with water. M. de la Rive has pointed this result 
out in sulphurous acid,“ iodine and brominef; the chloride of 
arsenic produces the same effect. A far more striking case, 
however, is presented by that very influential body 1 
acid (68 l.), and probably phosphoric acid also is in the same 
peculiar relation. i 

1356. It would seem in the cases of those bodies which 
suffer no change themselves, as sulphuric acid (and perhaps 
in all), that they affect water in its conducting power only as 
an electrolyte ; for whether little or much improved, the decom- 
position is proportionate to the quantity of electricity passing 
(727. 730.), and the transfer is therefore due to electrolytic 
discharge. This isin accordance with the fact already stated 
as regards water (984.) that the conducting power is not 
improved for electricity of force below the electrolytic inten- 
sity of the substance acting as the dielectric; but both facts 
(and some others) are against the opinion which I formerly 
gave, that the power of salts, &c, might depend upon their 
assumption of the liquid state by solution in the water 
employed (410.). It occurs to me that the effect may perhaps 
be related to, and have its explanation in differences of specific 
mductive capacities. 

1357. I have described in the last paper, cases, where 
shell-lac was rendered a conductor by absorption for ammonia 
(1294.). The same effect happens with muriatic acid; yet 
both these substances, when gaseous, are non-conductors; and 
the ammonia, also when in strong solution (748.). Mr. 
Harris has mentioned instances in which the conducting 

wer of metals is seriously altered by a very little alloy. 
These may have no relation to the former cases, but never- 
theless should not be overlooked in the general investigation 
which the whole question requires. 

1358. Nothing is perhaps more striking in that class of 
dielectrics which we call electrolytes, than the extraordinary 
and almost complete suspension of their peculiar mode of 
effecting discharge when they are rendered solid (380, &c.), 
even though the intensity of the induction acting through 
them may be increased a hundred fold or more (419.). It 
not only establishes a very general relation between the 
physical properties of these bodies and electricity acting by 


* Quarterly Journal, xxvii. 407. or Bibliotheque Universelle, xl. 205. Kemp 
says sulphurous acid is a very good conductor, Quarterly Journal, 1831, p. 613. 

t nate Journal, xxiv. 465, or Annales de Chimie, xxxv. 161. 
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induction through them, but draws both their physical and 
chemical relations so near together, as to make us hope we 
shall shortly arrive at the full comprehension of the influence 
they mutually possess over each other. 


ix Disruptive discharge and insulation. 


1359. The next form of discharge has been distinguished 
by the adjective disruptive (1319.), as it in every case displaces 
more or less the particles amongst and across which it suddenly 
breaks. I include under it, discharge in the form of sparks, 
brushes and glow (1405.), but exclude the cases of currents 
of air, fluids &c, which, though frequently accompanying the 
former, are essentially distinct in their nature. 

1360. The conditions requisite for the production of an elec- 
tric spark in its simplest form are well known. An insulating 
dielectric must be interposed between two conducting surfaces 
in opposite states of electricity, and then if the actions be 
continually increased in strength, or otherwise favored, 
either by exalting the electric state of the two conductors, or 
bringing them nearer to each other, or diminishing the density 
of the dielectric, a spark at last appears,and the two forces 
are for the time e for discharge has occurred. 

1361. The conductors (which may be considered as the 
termini of the inductive action) are in ordinary cases most 
generally metals, whilst the dielectrics usually employed are 
common air and glass. In my view of induction, however, 
every dialectric becomes of importance, for as the results are 
considered essentially dependent on these bodies, it was to be 
expected that differences of action, never before suspected, 
would be evident upon close examination, and so at once give 
fresh confirmation of the theory, and open new doors of dis- 
covery into the extensive and varied fields of our science. 
This hone was especially entertained with respect to the gases, 
because of their high degree of insulation, their uniformity in 
physical condition, and great difference in chemical properties. 

1362. All the effects prior to the discharge are inductive ; 
and the degree of tension which it is necessary to attain before 
the spark passes is, therefore, in the examination I am now 
making of the new view of induction, a very important point. 
It is the limit of the influence which the dielectric exerts in 
resisting discharge ; it is a measure, consequently, of the con- 
servative power of the dielectric, which in its turn may be 
considered as becoming a measure, and therefore a representa- 
tive of the intensity of the electric forces in activity. 

1363. Many philosophers have examined the circumstances 
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of this limiting action in air, but, as far as I know, none have 
come near Mr. Harris as to the accuracy with, and the extent 
to, which he has carried on his investigations.“ Some of his 
results I must very briefly notice, premising that they are all 
obtained with the use of air as the dielectric between the con- 
ducting surfaces. 

1364. First as to the distance between the two balls used, 
or in other words, the thickness of the dielectric across which 
the induction was sustained. The quantity of electricity, 
measured by a unit jar or otherwise on the same principle with 
the unit jar, in the charged or inductive ball, necessary to 
produce spark discharge, was found to vary exactly with the 
distance between the balls, or between the discharging points, 
and that under very varied and exact forms of experiment. f 

1365. Then with respect to variation in the pressure or 
density of the air. The quantities of electricity required to 
produce discharge across a constant interval varied exactly 
with variations of the density; the quantity of electricity and 
density of the air being in the same simple ratio. Or, if the 
quantity was retained the same, whilst the interval and the 
density of the air were varied, then these were found in the 
inverse simple ratio of each other, the same quantity passing 
across twice the distance with air rarefied to one half. 

1366. It must be remembered that these effects take place 
-without any variation of the inductive force by condensation 
or rarefaction of the air. That force remains the same in 
air,§ and in all gases (1284. 1292), whatever their rarefac- 
tion may be. 

1367. Variation of the temperature of the air produced no 
variation of the quantity of electricity required to cause 
discharge across a given interval. : 

Such are the general results, which I have occasion for at 
present, obtained by Mr. Harris, and they appear to me to be 
unexceptionable. é 

1368. In the theory of induction founded upon a molecular 
action of the dielectric, we have to look at the state of that 
body principally for the cause and determination of the above 
effects. hilst the induction continues, it is assumed that 
the particles of the diclectric are in a certain polarized state, 
the tension of this state rising higher in each particle as the 
induction is raised to a higher degree, either by approxima- 
tion of the inducing surfaces, variations of form, increase of 


Philosophical Transactions, 1834, p. 225. + bid. t Ibid. p. 229. 
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the original force, or other means; until at last, the tension 
of the particles having reached the utmost degree which they 
can sustain without subversion of the whole arrangement, 
discharge immediately after takes place. 

1369. The theory does not assume, however, that all the 
particles of the dielectric subject to the inductive action are 
affected to the same amount, or acquire the same tension. 
What has been called the lateral action of the lines of induc- 
tive force (1231. 1297.), and the diverging and occasionally 
curved form of these lines is against such a notion. The 
idea is, that any section taken through the dielectric across 
the lines of inductive force, and including allof them, would 
be equal, in the sum of the forces, to the sum of the forces 
in any other section; and that, therefore, the whole amount 
of tension for each such section would be the same. 

1370. Discharge probably occurs, not when all the par- 
ticles have attained to a certain degree of tension, but when 
that particle which is most affected has been exalted to the 
subverting or turning point (1410.). For though all the 
particles in the line of induction resist charge, and are asso- 
ciated in their actions so as to give a sum of resisting force, 
yet when any one is brought up to the overturning point, all 
must give way in the case of a spark between ball and ball. 
The breaking down of that one must of necessity cause the 
whole barrier to be overturned, for it was at its utmost degree 
of resistance when it possessed the aiding power of that one 
particle, in addition to the power of the rest, and the power 
of that one is now lost. Hence tension or intensity* may, 
according to the theory, be considered as represented by the 
particular condition of the particles, or the amount in them of 
forced variation from their normal state (1298. 1368.) 

1371. The whole effect produced by a charged conductor 
on a distant conductor, insulated or not, is by my theory as- 
sumed to be due to an action propagated from particle to 
particle of the intervening and insulating dielectric, the parti- 
cles being considered as thrown for the time being into a forced 
condition, from which they endeavor to return to their normal 
or natural state. The theory, therefore, seems to supply an, 
easy explanation of the influence of distance in affecting in- 
duction (1303. 1364.). As the distance is diminished induc- 
tion increases; for there are then fewer particles in the line of 
inductive force to oppose their resistance to the assumption of 
the forced or polarized state, and vice versd. Again, as the 


„ Sce Harris on proposed particular meaning of these terms, Philosophical 
Transactions, 1831, p. 222. 
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distance diminishes, discharge across happens with a lower 
charge of electriciiy; for if, as in Harris's experiments (1364.), 
the interval be diminished to one half, then half the electricity 
required to discharge across the first interval is sufficient to 
strike across the second; and it 1s evident, also, that at that 
time there are only half the number of interposed molecules 
uniting their forces to resist the discharge. 

1372. The effect of enlarging the conducting surfaces which 
are opposed to each other in the act of induction, is, if the 
electricity be limited in its supply, to lower the intensity of 
action; and this follows as a very natural consequence froin 
the increased area of the dielectric across which the induction 
is effected. For by diffusing the inductive action, which at 
first was exerted through one square inch of sectional area of 
the dielectric, over two or three square inches of such area, 
twice or three times the number of molecules of the dielectric 
are brought into a polarized condition, and employed in sus- 
taining the inductive action, and consequently the tension be- 
longing to the smaller number on which the limited force was 
originally accumulated, must fall in a proportionate degree. 

1373. For the same reason diminishing these opposing 
surfaces must increase the intensity up to the condition even 
of their becoming points. But in this case, the tension of the 
particles of the dielectric next the points is higher than that of 
particles midway, because of the lateral action and consequent 
bulging, as it were, of the lines of inductive force at the mid- 
dle distance (1369.). 

1374. The more exalted effects of induction on a point p, 
or any small surface, as the rounded end of a rod, opposed to 
a large surface, as that of a ball or plate, than when it is op- 
5 to another point or end at the same distance, falls into 

armonious relation (1302.). For in the latter ease, the small 
surface p is effected only by those particles which are brought 
into the inductive condition by the equally small surface of the 
opposed conductor, whereas when that is a ball or plate the 
lines of inductive force from the latter are concentrated, as it 
were, upon the end p. Now though the molecules of the di- 
electric against the large surface may have a much lower state 
of tension than those against the similar smaller surface, yet 
they are also far more numerous, and, as the lines of inductive 
force converge towards a point, are able to communicate to 
the ve contained in any cross section (1369.) nearer the 
small surface an amount of tension equal to their own, and 
consequently much higher for each individual particle; so that, 
at the surface of the smaller conductor, the tension of a parti- 
cle rises much, and if that conductor were to terininate in a 
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point, the tension would rise to an infinite degree, except that 
it is limited, as before (1368.), by discharge. ‘The nature of 
the discharge from small suriaces and points under induction 
will be resumed hereafter (1425. &c ). 

1375. LRarefaction of the air does not alter the intens “y of 
inductive action (1284. 1287.); nor is there any reason, as far 
as I can perceive, why it should. Ifthe quantity of electricity 
and the distance remain the same, and the air be rarefied one 
half, then, though one half of the particles of the dielectric are 
removed, the other half assume a double degree of tension in 
their polarity, and therefore the inductive forces are balanced, 
and the result remains unaltered as long as the induction and 
insulation are sustained. But the case of discharge is very 
different; for as there are only half the number of dielectric 
particles in the rarefied atmosphere, so these are brought up 
to the discharging intensity by half the former quantity of 
electricity; discharge, therefore, ensues, and such a conse- 
quence of the theory is in perfect accordance with Mr. Har- 
ris’s results (1365.). 

1376. The increase of electricity required to cause dis- 
charge over the same distance, when the pressure of the air 
or its density is increased, flows in a similar manner, and on 
the same principle, from the molecular 8 

1377. Here I think my view of induction has a decided ad- 
vantage over others, especially over that which refers the re- 
tention of electricity on the surface of conductors in air to the 
pressure of the atmosphere. ‘The latter is the view which, 
being adopted by Poisson and Biot,” is also, I believe, that 
generally received; and it relates two such dissimilar things, 
as the ponderous air and the subtil and even hypothetical fluid 
or fluids of electricity, by gross mechanical relations; by the 
bonds of mere static pressure. My theory, on the contrary, 
sets out at once by connecting the electric forces with the 

articles of matter ; it derives all its proofs, and even its origin 
in the first instance, from experiment; and then, without any 
further assumption, seems to offer at once a full explanation 
of these and many other singular, peculiar, and, I think, here- 
tofore unrelated effects. 

1378. An important assisting experimental argument may 
here be adduced, derived from the difference of specific in- 
ductive capacity of different dielectrics (1269. 1274. 1278.). 
Consider an insulated sphere electrified positively and placed 
in the centre of another and larger sphere uninsulated, a uni- 
form dielectric, as air, intervening. The case is really that 


* Ency. Britann. Supplement, vol. iv. Article Electricity, pp. 76, 81, &c. 
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of my apparatus (1187.), and also, in effect, that of any ball 
electrified in a room and removed to some distance from irre- 
gularly formed conductors. Whilst things remain in this state 
the electricity is distributed (so to speak) uniformly over the 
surface of the electrified sphere. But introduce such a di- 
electric as sulphur or lac, into the space between the two 
conductors on one side only, or opposite one part of the inner 
sphere, and immediately the electricity on the latter is diffused 
unequally (1229. 1270. 1309.), although the form of the con- 
ducting surfaces, their distances, and the pressure of the at- 
mosphere remain perfectly unchanged. 

1379. Fusinieri took a different view from that of Poisson, 
Biot, and others, of the reason why rarefaction of air caused 
easy diffusion of electricity. He considered the effect as due 
to the removal of the obstacle which the air presented to the 
expansion of the substances from which the electricity 
passed.“ But platina balls shew the phenomena in vacuo as 
well as volatile metals and other substances; besides which, 
when the rarefaction is very considerable, the clectricity 
passes with scarcely any resistance, and the production of no 
sensible heat; so that I think Fusinieri’s view of the matter 
is likely to gain but few assents. 

1380. I have no need to remark upon the discharging or 
collecting power of flame or hot air. I believe, with Harris, 
that the mere heat does nothing (1367.), the rarefaction only 
being influential. ‘The effect of rarefaction has been already 
considered generally (1375.) ; and that caused by the heat 
of a burning light, with the pointed form of the wick, and the 
carrying power of the carbonaceous particles which for the 
time are associated with it, are fully sufficient to account for 
all the effects. 


1381. We have now arrived at the important question, how 
will the inductive tension requisite for insulation and disrup- 
tive discharge be sustained in gases, which, having the same 
physical state and also the same pressure and the same tem- 
perature as air, differ from it in specific gravity, in chemical 
qualities, and it may be in peculiar relations, which not being 
as yet recognised, are purely electrical (1361.)? 

1382. Into this question I can enter now only as far as is 
essential for the present argument, namely, that insulation and 
inductive tension do not depend merely upon the charged 
conductors employed, but also, and essentially, upon the inter- 
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posed dielectric, in consequence of the molecular action of its 
particles. 

1383. A glass vessel a (fig. 13.)* was ground at the top 
and bottom so as to be closed by two ground brass plates, 6 
and c; b carried a stuffing box, with a sliding rod d terminated 
by a brass ball s below, and a ring above. The lower plate 
was connected with a foot, stop-cock, and socket, e, f and g; 
and also with a brass ball l, which by means of a stem at- 
tached to it and entering the socket g, could be fixed at various 
heights. ‘The metallic parts of this apparatus were not var- 
nished, but the glass was well covered with a coat of shell-lac 
previously dissolved in alcohol. On exhausting the vessel at 
the air-pump, it could be filled with any other gas than air, 
and, in such cases, the gas so passed in was dried whilst enter- 
ing by fused chloride of calcium. 

1384. The other part of the apparatus consisted of two in- 
sulating pillars, Æ and i, to which were fixed two brass balls, 
and through these passed two sliding rods, & and m, terminated 
at each end by brass balls; n is the end of an insulated con- 
ductor, which could be rendered either positive or negative 
from an electrical machine; o and pare wires connecting it with 
the two parts previously described, and g is a wire which, con- 
necting the two opposite sides of the collateral arrangements, 
also communicates with a good discharging train r (292.). 

1385. It is evident that the discharge from the machine 
electricity may pass either between s and J, or S and L. The 
regulation adopted in the first experiments was to keep s and 
l with their distance unchanged, but to introduce first one gas 
and then another into the vessel a, and then balance the dis- 
charge at the one place against that at the other; for by 
making the interval at u sufficiently small, all the discharge 
would pass there, or making it sufficiently large it would all 
occur at the interval v in the receiver. On principle it seemed 
evident, that in this way the varying interval u might be taken 
as a measure, or rather indication of the resistance to discharge 
through the gas at the constant interval v. The following are 
the constant dimensions. 

Balls. . 0:93 of an inch. 
Ball  ... . . 0°96 of an inch. 
Ball . . . . 2°02 of an inch. 
Ball . . I 95 of an inch. 
Interval . . . 0°62 of an inch. 

1386. On proceeding to experiment it was found that when 

air or any gas was in the receiver a, the interval u was not a fixed 


»The drawing is to a scale of 1-6. 
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one; it might be altered through a certain range of distance, 
and yet sparks pass either there or at v in the receiver. The 
extremes were therefore noted, i.e , the greatest distance short 
of that at which the discharge always took place at v in the 
gas, and the least distance short of that at which it always 
took place at u in the air. Thus, with air in the receiver, the 
extremes at u were 0°56 and 0°79 of an inch, the range of 0-23 
being one at which sparks passed occasionally either at one 
interval or the other. 

1387. The small balls s and S could be rendered either 
positive or negative from the machine, and as gases were ex- 
pected and were found to differ from each other in relation to 
this change, the results obtained under these differences of 
charge were also noted. 

1388. The following is a table of results; the gas named is 
that in the vessel a. The smallest, greatest, and mean inter- 
val at u in air is expressed in parts of an inch, the interval v 
being constantly 0°62 of an inch. 


Swallest. Greatest. Mean. 
Air, s and 8, pos. . 0°60 0°79 0695 
Air, s and S, neg. . 059 0°68 0635 
Oxygen, s and S, pos. . 041 060 0505 
Oxygen, s and S, neg. . 0°50 052 0 510 
Nitrogen, s and S, pos. . 055 068 0-615 
Nitrogen, s and S. neg. . 0:59 070 0-645 
Hydrogen, s and S pos. .030 0˙44 C0370 
Hydrogen, sand S neg.. . 025 030 0275 
Carbonic acid, s and S pos. 0-56 072 0 640 
Carbonic acid, sand S neg. . 058 060 0-590 


Olefiant gas, sand S pos. . . 0°64 0°86 0750 
Olefiant gas, s and S neg. . 069 O77 C0730 


Coal gas, s and S pos. . 037 0˙61 0-490 
Coal gas, s and S neg. . 047 058 0525 


Muriatic acid gas, s and S pos. 0˙89 132 1105 
Muriatic acid gas, s and S neg. 0°67 075 0-720 


1389. The above results were all obtained at one time. 
On other occasions other experiments were made, which gave 
generally the same results as to order, though not as to num- 
bers. Thus: 


Hydrogen, sand S pos. . 0:23 0°57 0400 
Carbonic acid, sand S pos.. . 0°51 1:05 0780 
Olefiant gas, s and S pos. . 0°66 127 0965 
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I did not notice the difference of the barometer on the days of 
experiment. 

1390. One would have expected ouly two distances, one 
for each interval, for which the discharge might happen either 
at one or the other; and that the least alteration of either 
would immediately cause one to predominate constantly over 
the other. But that under common circumstances is not the 
case. With air in the receiver, the variation amounted to 0'2 
of an inch nearly on the smaller interval of 0°6, and with mu- 
riatic acid gas, the variation was above 0-4 on the smaller 
interval of 0:9. Why is it that when a fixed interval (the one 
in the receiver) will pass a spark that cannot go across 0°6 of 
air at one time, it will immediately after, and apparently un- 
der exactly similar circumstances, not pass a spark that can 
go across 0°8 of air? 

1391. It is probable that part of this variation will be traced 
to particles of dust in the air drawn into and about the cir- 
cuit. I believe also that part depends upon a variable charged 
condition of the surface of the glass vessel a. ‘That the whole 
of the effect is not traceable to the influence of circumstances 
in the vessel a, may be deduced from the fact, that when sparks 
occur between balls in free air they frequently are not straight, 
and often pass otherwise than by the shortest distance. These 
variations in air itself, and at different parts of the very same 
balls, shew the presence and influence of circumstances which 
are calculated to produce effects of the kind now under con- 
sideration. 


( To be Continued. ) 


XIII.. Experiments relative to the propagation of Caloric 
in a Metallic Bar. By M. H. Scuroever, Esq. Profes- 
sor of Natural Philosophy at Soleure. Communicated by 
the Author. 


It is well known that artificers in metal, advance generall 
enough the curious fact, that a metallic bar one end of which 
is placed in an ardent furnace, and held by the other end 
‘until the heat has begun to be sensibly felt. by the hand, will 
suddenly cause a very considerable elevation of temperature 
to be felt, amedai on removing out of the fire the heated 
extremity of the bar, in order to expose it to the cold air, or 
even to plunge it in cold water. I know of no other experi- 
ments on the subject than those of M. Tischer, of Breslaw, 
(Proggend. Ann. 19,—507), and those of Professor Mousson, 
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of Zurich, who communicated them last year in the section of 
Natural Philosophy, at the meeting of Swiss Naturalists, 
beld at Neufchatel. These two philosophers seem not to 
doubt of the existence of the fact in question, but the former 
is or seems willing to attribute it to a variation in the con- 
ducting faculty of metals according to their temperature, 
whilst M. Mousson considers it as proving a developement of 
specific caloric, produced by a molecular compression which 
would be caused by the sudden cooling to which the metal 
was subjected. 

Having several reasons to doubt whether the truth of the 
fact or phenomena had been rigorously established bv experi- 
ments made up to the present time, 1 undertook to convince 
myself, by decisive and direct experiments, whether the phe- 
nomena had existed or not, and in the latter case, to shew 
that a false explanation of other phenomena on the part of 
these philosophers, and a common illusion on the part of the 
artisans, are the only reasons for advancing a position so 
5 Now such happens to be the result at which I 

ave arrived in making use of the means offered to us by 
thermo-electric forces of measuring the changes of tempera- 
ture; and I have given to the experiments which I am about 
to describe, another importance besides that of having served 
to demonstrate in a decisive manner, that the phenomena 
now in question has no existence whatever. 

I obtained a galvanometer of a very delicate and sensitive 
construction used in measuring thermo-electric currents, on 
the model of that which Fechner has recommended as most 
convenient for that purpose. It consists of a large band of 
copper, folded once round an astatic system consisting of two 
magnetized needles,“ which could oscillate freely on a gra- 
duated circle from degree to degree. A simple element of 
bismuth and antimony, communicating with the reservoirs of 
mercury, into which the ends of the band of copper are 
plunged, gives to the needle a continued deviation from 
80 to 85 degrees, on applying solely the temperature of 
the hand to the point of the solder. I afterwards soldered 
even at the soldering point of the element of bismuth and 
antimony, one of the extremities of a bar of another metal, 
long enough to allow the free extremity to be exposed to 
the action of heat, without any direct influence being exercised 
on the solder of the section of bismuth and antimony, then 
keeping the eye invariably fixed on the needle, I awaited the 


No upper needle ought to be above the upper side of the coil, and the 
lower needle within the coil.— E pir. N 
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time when the temperature of the bar would become per- 
manent throughout its whole extent, which was easily 
observable by a constant deviation of the galvanometer. 
Immediately on the arrival of this moment, I removed, by 
an assistant, the source of heat, and plunged the red hot 
extremity into cold water. If the sudden cooling of the red 
hot extremity of the bar had power to produce in any manner 
whatever an augmentation of the temperature of the other 
extremity, it is clear that this heat would be communicated 
to the point of the solder, and that the needle, before making 
a retrograde movement, which would be the effect of the cool- 
ing having commenced, ought first to manifest an instantaneous 
deviation, in the contrary direction, thereby indicating an 
augmentation of temperature. But what was the change in 
the circumstances of this experiment ? never have I been able 
to perceive the least sign of an effect approaching to this. 
The needle, on the contrary, remained each trial, immovable 
during some time, until perhaps the cooling had been com- 
municated to the point of the solder in the ordinary manner, 
and then began immediately to indicate the direct effect of 
cooling. I have repeated these experiments, under very 
different circumstances with bands, with bars, with wires, 
with masses of different forms both of iron, of copper, of zinc, 
of brass, &c. giving them different lengths from two feet to 
half an inch; making use of sources of heat of a temperature 
more or less elevated; producing the sudden cooling some- 
times by the action of the air, sometimes by water, and at 
others by mercury; and in making use of the thermo-electric 
element, a combination of any two metals; but in no case did 
the needle indicate to me an augmentation of temperature 
after the the operation of cooling. The result of these experi- 
ments being absolutely negative, I judge it not necessary to 
describe them in detail; but I conclude therefrom with cer- 
tainty that the fact in question does not exist. 

This point once established, it remained for me to repeat 
conveniently the experiments of M. Mousson, in order to give 
the true explanation to the phenomena which he has observed. 
Now I am convinced, by a careful examination, that the ex- 
planation of them coincides with that of a well known pheno- 
menon, which may be observed easily by any thermometer in 
any degree sensitive, namely, that if the instrument be 
suddenly withdrawn from the source of heat, at the first mo- 
ment there will be seen a rapid elevation, after which the 
depression will commence. We know that this circumstance 
is owing to the sudden contraction of the small bowl of glass, 
and to its diminution of volume, which surpasses during the 


+ 
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first moments the effect of the depression of temperature on 
the whole column of mercury. The phenomena which M. 
Mousson has observed are quite analogous to this, and it 
appears to me that be has deduced consequences from it which 
cannot be admitted or maintained. 

Nevertheless the hypothesis which he has advanced, that a 
sudden cooling ought to cause a molecular compression, which 
in itself ought to become the means of developement of specific 
caloric, appears to me to be admissible in a particular case, 
that is to say, when it acts on the inferior parts of a mass 
heated throughout its whole extent, at the first moment wherein 
the exterior surface is cooled with sufficient rapidity. 

I hope however, to be able to demonstrate this fact by 
experiments. In this instance, I took a small cylinder of 
iron, in the upper side of which I inserted a spiral iron wire 
sufficiently strong for the purpose. I covered this cylinder 
up to half its height in a crucible, leaving the principal points 
bare, then I soldered a copper wire of nearly two lines 
diameter, in such a manner that the copper did not touch the 
iron except at the point of the solder. i afterwards fixed the 
ends of the iron wire and the copper wire in the reservoirs of 
mercury, which communicated with the band of the galvano- 
meter, and then I heated the cylinder by the heat of spirits 
of wine. I expected that the exterior parts of the mass (if it 
is true that in these circumstances they are contracted suddenly 
by the effect of a depression of temperature,) would exercise 
an instantaneous compression of the interior parts, which 
would give place to a developement of specific caloric, which 
would be indicated by the galvanometer. In order to find 
the most favorable circumstances to obtain exactness in the 
experiment, I observed at first the successive positions of the 
needle during the time of heating. The needle commenced 
by deviating to 72°; then, the heating still going forward, not 
only did it return with great rapidity to the point 0° of the 
division, but passed it, making a contrary or negative devi- 
ation nearly to 65°. The continuance of the process of 
heating produced then a contrary thermo-electric relation 
between the iron and the copper, inasmuch as the direction of 
si current depends on the temperature of the point of the 
solder. | 

I profited by this remark, and now put the lamp at such 
a distance from the mass of iron, that the needle had power 
to take nearly a constant position at the point Oo of the divi- 
sion whenever the temperature of the mass became permanent. 
This I easily accomplished after one or two trials. In, fact, 
in this position the needle had the greatest sensibility for the 
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least change of temperature, and it sufficed, on approaching 
it to the flame for an instant, to make it deviate for some 
seconds after with a quick movement, almost like a shake 
towards the negative side of the point 0°, on such a manner, 
that it could not retain its constant position until after several 
oscillations. The iron was at that point of temperature ap- 
proaching to a red heat. I fixed my eye on the needle, and 
caused the inferior portion of the mass of iron to be plunged 
into cold mercury. But the needle remained immovable 
during the first moments, then immediately afterwards indi- 
cated to me a prompt slackening of the heat or cooling from 
the point of the solder. This effect was very contrary to that 
which I had expected, because it appeared to me, that a 
strong molecular compression ought necessarily to take place 
in this case. I do not wish to conclude from this; that a 
developement of specific heat, caused by a due compression by 
contraction of those parts suddenly cooled, has not taken 
place in any case; but we see however, that if the fact does 
exist, it ought at least to be of very little importance, for that 
it cannot be perceived even under the most favorable circum- 
stances, with an instrument so sensitive as the galvanometer 
of which I have spoken. It is very necessary then to be able 
to make use of and to explain phenomena so confidently 
asserted as those deecribed by M. Mousson. I have named 
this last experiment because it appeared to me to have given 
a result contrary to what we should have expected. 

I have besides these made some experiments relative to 
those which M. Fischer has published. But as these are not 
independent of the sensation of the hand, I think we ought 
not to attribute any great importance to them; I content 
myself then simply with saying, that my experiments have 
conducted me to the belief that M. F. has partaken of the 
same illusion, to which artificers in metal, ordinarily abandon 
themselves., 


XIV.—On a New Electro-Magnetic Engine. By Tuomas 
Wricut, Esq. 


Dear Sir, 


I see in your last number an account of a new Electro- 
magnetic Engine by Mr. Clarke, in which he has dis- 
ensed with-the rotary motion, and returned to the crank. I 
fare been lately engaged in some experiments, the results 
of which, incline me to believe that this will be the best form 
of applying the electro-magnetic power. I adopt however, a 
very different arrangement from that of Mr. Clarke. 
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The magnetism induced in soft iron by electric currents has 
great sustentive, but small attractive power, in comparison 
with that of steel magnets; the great power which the former 
possess not being developed, until their keepers are in con- 
nexion with their poles. In Taylor's rotatory engine, which 
I have reason to think is the best, the magnets are passed by 
their keepers with such rapidity, that I should think it impos 
sible that their power can be developed, as it requires a 
certain length of time for that purpose. 

The great difficulty in the construction of electro-magnetic 
engines with the crank motion, is the shortness of the stroke, 
which, for any useful purposes, should not exceed a quarter 
of an inch. Ihave, however, been able to increase the length 
of the stroke materially, by two methods :—the first consists 
in keeping one end of the armature on its respective pole, as 
at a fig. 1 plate 3, and taking the stroke between B and C; 
thus interrupting the magnetic circuit at one place only ; this 
plan answers better with small electro-magnets, which gene- 
rally possess greater comparative intensity, than those of a 
largersize. Asmall electro-magnet, a quarter of an inch square, 
and seven inches long, coiled with ten yards of copper bell- 
wire, attracted its keeper, placed parallel with its poles, a 
quarter of an inch, (along a polished mahogany table,) when, 
however, the keeper was placed as in fig. 1, it attracted the 
other end an inch and a quarier; this was the result of 
several experiments. The second method which is better 
adapted for large electro-magnets, consists in keeping ope side 
of the armature on the magnet as in fig. 2; this I think 
will be the most available method of applying the power, and 
I am now making a small engine on this principle, on which I 
hope to have your opinion in a short time. 

The magnets employed in this engine are straight and com- 
posed of hoop iron, well annealed and riveted together, and 
are coiled to within an inch and a half from the ends, to which 
are riveted pieces of soft iron two inches square, as shewn at 
A fig. 3, plate 3; these magnets are then united in pairs, by 
having the pieces of soft iron attached to them hinged together 
at B, they are thus brought as close as possible to each other 
along their whole length. 

Fig. 4, is a plan of the engine with two pairs of magnets, 
the end of the lower magnet of each pair being concealed by 
the pillar on which it rests; the armature of the upper mag- 
net of the pair on the right hand, forms part of the beam of 
the engine, the hinge which attaches it to the lower armature 
iste toy fulcrum. The upper armature of the other pair is 
attached to the beam by a rod at A; it will thus be seen that 
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by making communication between the battery and each pair 
of magnets alternately, the armatures of the magnetized pair 
will be strongly attracted to each other, lifting up the armature 
of the other pair respectively, and working the fly wheel. 

B B B, fig. 4 plate, skews the apparatus on the shaft of the fly 
wheel, for throwing the battery power alternately on the pairs 
of magnets. 

I am, my dear Sir, 
Yours truly, 
THomas Wricnt. 


XV. An Answer to Dr. Hare's Letler on certain Theoretical 
Opinions. By M. Faraday, Esq. F.R.S. 
My dear Sir, 

1. Your kind remarks have caused me very carefully to re- 
vise the general principles of the view of static induction which 
I have ventured to put forth, with the very natural fear that as 
it did not obtain your acceptance, it might be founded in error; 
for it is not a mere complimentary expression when I say I 
have very great respect for your judgment. As the recon- 
sideration of them has not made me aware that they differ 
amongst themselves or with facts, the resulting impression on 
my mind is, that I must have expressed my meaning imper- 
fectly, and I have a hope that when more clearly stated my 
words may gain your approbation. I feel that many of the 
words in the language of electrical science possess much mean- 
ing; and yet their interpretation by different philosophers 
often varies more or less, so that they do not carry exactly 
the same idea to the minds of different men: this often renders 
it difficult, when such words force themselves into use, to ex- 
press with brevity as much as, and no more than, one really 
wishes to say. 

2. My theory of induction (as set forth in Series xi., xii. 
and xiil.,) makes no assertion as to the nature of electricity, 
or at all questions any of the theories respecting that subject 
(1667). It does not even include the origination of the de- 
veloped or excited state of the power or powers; but taking 
that as it is given by experiment and observation, it concerns 
itself only with the arrangement of the force in its communi- 
cation to a distance in that particular yet very general pheno- 
menon called static induction (1668.). It is neither the nature 
nor the amount of the force which it decides upon, but solely 
its mode of distribution. | 

3. Bodies whether conductors or non-conductors can be 
charged. The word charge is equivocal: sometimes it means 
that state which a glass tube acquires when rubbed by silk, or 
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which the prime conductor of a machine requires when the 
latter is in action; at other times it means the state of a Ley- 
den jar or a similar inductive arrangement when it is said to 
be charged. In the first ease the word means only the peculiar 
condition of an electrified mass of matter considered by itself, 
and does not apparently involve the idea of induetion; in the 
second it means the whole of the relations of two such masses 
charged in opposite states, and most intimately connected by 
inductive action. 

4. Let three insulated metallic spheres, A, B, and C, be 
placed in a line, and not in contact; let A be electrified posi- 
tively, and then C uninsulated ; besides the general action of 
tle whole system upon all surrounding matter, there will occur 
a case of inductive action amongst the three balls, which may 
be considered apart, as the type and illustration of the whole 
of my theory: A will be charged positively ; B will acquire 
the negative state at the surface towards A, and the positive 
state at the surface furthest from it; and C will be charged 
negatively. 

5. The ball B will be in what is often called a polarized 
condition, i. e. opposite parts will exhibit the opposite electri- 
cal states, and the two sums of these opposite states will be 
exactly equal to each other. A and C will not be in this po- 
larized state, for they will each be, as it is said, charged (3), 
the one positively, the other negatively, and they will present 
no polarity as far as this particular act of induction (4) is 
concerned. 

6. That one part of A is more positive than another part 
does not render it polar in the sense in which that word has 
just been used. e are considering a particular case of in- 
duction, and have to throw out of view the states of those 
parts not under the inductive action. Or if any embarrass- 
ment still arise from the fact that A is not uniformly charged 
all over, then we have merely to surround it with balls, such as 
B and C, onevery side, so that its state shall be alike on every 
part of its surface (because of the uniformity of its inductive 
Influence in all directions) and then that difficulty will be re- 
moved. A therefore is charged, but not polarly; B assumes 
a polar condition ; and C is charged inducteously (1483), be- 
ing by the prime influence of A brought into the opposite or 
negative electrical state through the intervention of the inter- 
mediate and polarized ball B. 

7. Simple charge therefore does not imply polarity in the 
body charged. Inductive charge (applying that term to the 
sphere B and all bodies in a similar condition (5) does (1672.). 

he word charge as applied to a Leyden jar, or to the whole 
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of any inductive arrangement, by including all the effects, 
comprehends of course both these states. 

8. As another expression of my theory, I will put the fol- 
lowing the case. Suppose a metallic sphere C, formed of a 
thin shell a foot in diameter ; suppose also in the centre of it 
another metallic sphere A only an inch in diameter; suppose 
the central sphere A charged positively with electricity to the 
amount we will say of 100; it would act by induction through 
the air, lac, or other insulator between it and the large 
sphere C; the interior of the latter would be negative, and its 
exterior positive, and the sum of the positive force upon the 
whole of the external surface would be 100. The sphere C 
would in fact be polarized (5) as regards its inner and outer 
surfaces. 

9. Let us now conceive that instead of mere air, or other 
insulating dielectric, within C between it and A, there is a thin 
metallic concentric sphere B six inches in diameter. This 
will make no difference in the ultimate result, for the charged 
ball A will render the inner and outer surfaces of this sphere 
B negative and positive, and it again will render the inner 
and outer surfaces of the large sphere C negative and posi- 
tive, the sum of the positive forces on the outside of C being 
still 100. 

10. Instead of one intervening sphere let us imagine 100 or 
1000 concentric with each other, and separated by insulating 
matter, still the same final result will occur; the central ball 
will act inductrically, the influence originating with it will be 
carried on from sphere to sphere, and positive force equal to 
100 will appear on the outside of the external sphere. 

11. Again, imagine that all these spheres are subdivided 
into myriads of particles, each being effectively insulated from 
its neighbours (1679.), still the same final result will occur ; 
the inductric body A will polarize all these, and having its in- 
fluence carried on by them in their newly acquired state, will 
exert precisely the same amount of action on the external 
sphere C as before, and positive force equal to 100 will appear 
on its outer surface. 

12. Such a state of the space between the inductric and 
inducteous surfaces represents what I believe to be the state 
of an insulating dielectric under inductive influence ; the par- 
ticles of which by the theory are assumed to be conductors 
individually, but not to one another (1669.). 

13. In asserting that 100 of positive force will appear on 
the outside of the external sphere under all these variations, 
I presume I am saying no more than what every electrician 
will admit. Were it not so, then positive and negative elec- 


Dr. Faraday's Letter to Dr. Hare. 113 


tricities could exist by themselves, and without relation to 
each other (1169. 1177.), or they could exist in proportions 
not equivalent to each other. There are plenty of experi- 
ments, both old and new, which prove the truth of the prin- 
ciple, and I need not go further into it here. 

14. Suppose a plane to pass through the centre of this 
spherical system, and conceive that instead of the space be- 
tween the central ball A and the external sphere C being 
occupied by a uniform distribution of the equal metallic par- 
ticles, three times as many were grouped in the one half to 
what occurred in the otber half, the insulation of the particles 
being always preserved: then more of the inductric influence 
of A would be conveyed outwards to the inner surface of the 
sphere C, through that half of the space where the greater 
number of metallic particles existed, than through the other 
half: still the exterior of the outer sphere C would be uni- 
formly charged with positive electricity, the amount of which 
would be 100 as before. 

15. ‘The actions of the two portions of space, as they have 
just been supposed to be constituted (14), is as if they pos- 
sessed two different specific inductive capacities (1296.); but 
J by no means intend to say, that specific inductive capacily 
depends in all cases upon the number of conducting particles 
of which the dielectric is formed, or upon their vicinity. ‘The 
full cause of the evident difference of inductive capacity of 
different bodies is a problem as yet to be solved. 

16. In my papers I speak of all induction as being depen- 
dent on the action of contiguous particles, i.e. I assume that 
insulating bodies consist of particles which are conductors 
individually (1669.), but do not conduct to each other pro- 
vided the intensity of action to which they are subject is be- 
neath a given amount (1326. 1674. 1675.) ; and that when the 
inductric body acts upon conductors at a distance, it does so 
by polarizing (1293. 1670.) all those particles which occur in 
the portion of dielectric between it and them. I have used 
the term contiguous (1164. 1673.), but have I hope sufficiently 
expressed the meaning [ attach to it: first by saying at par. 
1615, „ the next existing particle being considered as the 
contiguous one ;” then in a note to par. 1665, by the words, 
“ mean by contiguous particles those which are next to each 
other, not that there is no space between them ;” and further 
by the note to par. 1164. of the octavo edition of my Re- 
searches, which is as follows: The word contiguous is per- 
haps not the best that might have been used here and elsewhere, 
for as particles do not touch each other it is not strictly cor- 
rect. I was induced to employ it because in its common ac- 
Vol. V. No. 26, August, 1840. P 
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acceptation it enabled me to state the theory plainly and with 
facility. By contiguous particles, I mean those which are 
next.” 

17. Finally, my reasons for adopting the molecular theory 
of induction were the phenomena of electrolyic discharge 
(1164. 1343.), of induction in curved lines (1166. 12 15.), of 
specific inductive capacity (1167. 1252.), of penetration and 
return action are of difference of conduction and insula- 
tion (1320.) of polar forces (1665.), &c. &c., but for these 
reasons and any strength or value they may possess I refer 
to the papers themselves. 

18. I will now turn to such parts of your critical remarks 
as may require attention. A man who advances what he 
thinks to be new truths, and to develope principles which pro- 
fess to be more consistent with the laws of nature than those 
already in the field, is liable to be charged, first with self-con- 
tradiction; then with the contradiction of facts; or he may 
be obscure in his expression, and so justly subject to certain 
queries; or he may be found in non-agreement with the 
opinions of others. ‘The first and second ae are very 
important, and every one subject to such charges must be 
anxious to be made aware of, and also to set himeelf free from 
or acknowledge them; the third is also a fault to be removed 
if possible; the fourth is a matter of but small consequence 
in comparison with the other three; for as every man who 
has the courage, not to say rashness, of forming an opinion of 
his own, thinks it better than any from which he differs, so 
it is only deeper investigation, and most generally future 
investigators who can decide which is in the right. 

19. J am afraid I shall find it rather difficult to refer to 
your letter. I will, however, reckon the paragraphs in order 
from the top of each page, considering that the first which has 
its beginning first in the page“. In referring to my own mat- 
ter I will employ the usual figures for the paragraphs of the 
Experimental Researches, and small Roman numerals for 
those of this communication. 

20. At par. 3, you say, you cannot reconcile my language 
at 1615, with that at 1165. In the latter place I have said 
I believe ordinary induction in all cases to be an action of 
contiguous particles, and in the former assuming a very hypo- 
thetical case, that of a vacuum, I have said, nothing in my 
theory forbids that a charged particle in the centre of a 
vacuum should act on the particle next to it, though that 


* We shall change Prof. Faraday’s references for the numbers which we 
have attached to Dr. Hare’s letter, and refer thus, par. 23, &. 
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should be half an inch off. With the meaning which I have 
carefully attached to the word contiguous (16.), I see no con- 
tradiction here in the terms used, nor any natural impossibility 
or improbability in such an action. Nevertheless all ordinary 
induction is to me an action of contiguous particles, being 

articles at insensible distances: induction across a vacuum 
is not an ordinary instance, and yet I do not perceive that it 
cannot come under the same principles of action. 

21. As an illustration of my meaning, I may refer to the 
case, parallel with mine, as to the extreme difference of in- 
terval between the acting particles or bodies, of the modern 
views of the radiation and conduction of heat. In radiation 
the rays leave the hot particles and pass occasionally through 
great distances to the next particle, fitted to receive them: in 
conduction, where the heat passes from the hotter particles to 
those which are contiguous and form part of the same mass, 
still the passage is considered to be by a process precisely 
like that of radiation; and though the effects are, as is well 
known, extremely different in their appearance, it cannot as 
yet be shewn that the principle of communication is not the 
same in both. 

22. So on this point respecting contiguous particles and 
induction across half an ineh of vacuum, I do not see that I am 
in contradiction with myself or with any natural law or fact. 

23. Paragraph 4 is answered by the above remarks, and 
by 8, 9, and 10. 

24. Paragraph 5 is answered according to my theory by 
8, 9, 10, 11, 12, and 13. 

25. Paragraph 6 is answered, except in the matter of 
opinion (18.), according to my theory by 16. The conduc- 
tion of heat referred to in the paragraph itself will, as it ap- 
pears to me, bear no comparison with the phenomenon of 
electrical induction :—the first refers to the distant influence 
of an agent which travels by a very slow process, the second 
to one where distant influence is simultaneous, so to speak, 
with the origin of the force at the place of action :—the first 
refers to an agent which is represented by the idea of one 
imponderable fluid, the second to an agency better represented 
probably by the idea of two fluids, or at least by two forces. 
the first involves no polar action, nor any of its consequences, 
the second depends essentially on such actions ;—with the first, 
if a certain portion be originally employed in the centre of a 
spherical arrangement, but a small part appears ultimately 
at the surface; with the second, an amount of force appears 
instantly at the surface (8, 9, 10, 11, 12, 13, and 14.), exactly 
equal to the exciting or moving force, which is still at the 
centre. 
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26. Paragraph 13 involves another charge of self - contra- 
diction, from which, therefore, I will next endeavor to set 
myself free. You say I “ correctly allege that it is impossible 
to charge a portion of matter with one electric force without 
the otber (see par.1177.). But if all this be true. how can there 
be a posilively excited particle? (see par. 1616.). Must not 
every particle be excited negatively if it be excited positively ? 
Must it not have a negative as well as a positive pole?” Now 
I have not said exactly what you attribute to me: my words 
are, it is impossible, experimentally, to charge a portion of 
matter with one electric force independently of the other: 
charge always implies tnduction, for it can in no instance be 
effected without (1177.).” I can, however, easily perceive 
how my words have conveyed a very different idea to your 
mind, and probably to others, than that I meant to express. 

27. Using the word charge in its simplest meaning (3. 4.), 
I think that a body can be charged with one electric force 
without the other, that body being considered in relation to 
itself only. But I think that such charge cannot exist without 
induction (1178.), or independently of what is called the de- 
velopment of an equal amount of the other electric force, not 
in itself, but in the neighbouring consecutive particles of the 
surrounding dielectric, and through them of the facing parti- 
cles of the uninsulated surrounding conducting bodies, which, 
under the circumstances, terminate as it were the particular 
case of induction. I have no idea, therefore, that a particle 
when charged must itself of necessity be polar; the spheres 
A B C of 4, 5, 6, 7, fully illustrate my views (1672.). 

28. Paragraph 20 includes the question, ‘is this consist- 
ent?” implying self-contradiction, which, therefore, I proceed 
to notice. ‘The question arises out of the possibility of glass 
being a (slow) conductor or not of electricity, a point ques- 
tioned also in the two preceding paragraphs. I believe that 
it is. I have charged small Leyden jars, made of thin flint 
glass tube, with electricity, taken out the charging wires, 
sealed them up hermetically, and after two or three years 
have opened and found no charge in them. I will refer you 
also to Belli’s curious experiments upon the successive charges 
of a jar and the successive return of portions of these charges.“ 
I will also refer to the experiments with the shell lac hemi- 
T especially that described in 1237. of my Researches; 

so the experiment in 1246. I cannot conceive how, in these 
cases, the air in the vicinity of the coating could gradually re- 
linquish to it a portion of free electricity, conveyed into it by 


Bibliotheca Italiaua, 1837, IXExv., p. 417. 
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what I call convection, since in the first experiment quoted 
(1237.), when the return was gradual, there was no coaling ; 
and in the second (1246.), when there was a coating, the re- 
turn action was most sudden and instantaneous. 

29. Paragraphs 21 and 22 perhaps only require a few words 
of explanation. In a charged Leyden Jar I have considered 
the two opposite forces on the inductrie and inducteous sur- 
faces as being directed towards each other through the glass 
of the jar, provided the jar have no projection of its inner 
coating, and is uninsulated on the outside (1682.). When 
discharge by a wire or discharger, or any other ot the many 
arrangements used for that purpose is effected, these supply 
the some other directions“ spoken of (1682. 1683.). 

30. The inquiry in paragraph 23, I should answer by say- 
ing, that the process is the same as that by which the polarity 
of the sphere B (4. 5.) would be neutralized if the spheres 
A and C were made to communicate by a metallic wire; or 
that by which the 100 or 1000 intermediate spheres (10.) or 
the myriads of polarized conducting particles (11.) would be 
discharged, if the inner sphere A, and the outer one C, were 
brought into communication by an insulated wire; a circum- 
stance which would not in the least affect the condition of the 
power on the exterior of the globe C. 

31. The obscurity in my papers, which has led to your re- 
marks in paragraph 25, arises, as it appears to me (after my 
own imperfect expression), from the uncertain or double 
meaning of the word discharge. You say, if discharge in- 
volves a return to the same state in vitreous particles, the 
same must be true in those of the metallic wire. Wherefore 
then are these dissipated when the discharge is sufficiently 
powerful?” A jar is said to be discharged when its charged 
state is reduced by any means, and it is found in its first in- 
different condition. ‘The word is then used simply to express 
the state of the apparatus; and so I have used it in the ex- 
pressions criticised in paragraph 21, already referred to. The 
process of discharge, or the mode by which the jar is brought 
into the discharged state, may be subdivided, as of various 
kinds; and I have spoken of conductive (1320.), electrolytic 
(1343.), disruptive (1359.), and convective (1562.) discharge, 
any one of which may cause the discharge of the jar, or the 
discharge of the inductive arrangements described in this letter 
(30), the action of the particles in any one of these cases 
being entirely different from the mere return action of the po- 
larized particles of the glass jar, or the polarized globe B (5.), 
to their first state. My view of the relation of insulators and 
conductors, as bodies of one class), is given at 1320. 1675. &c. 
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of the Researches: but I do not think the particles of the 
good conductors acquire an intensity of polarization any thing 
like that of the particles of bad conductors ; on the contrary, 
I conceive that the contiguous polarized particles (1670.) of 
good conductors discharge to each other when their polarit 
is at a very low degree of intensity (1326. 1338. 1675.). The 
question of why are the metallic particles dissipated when the 
charge is sufficiently powerful, is one that my theory is not 
called upon at present to answer, since it will be acknowledged 
by all, that the dissipation is not necessary to discharge. That 
different effects ensue upon the subjection of bodies to dif- 
ferent degrees of the same power, is common enough in ex- 
perimental philosophy; thus, one degree of heat will merely 
make water hot, whilst a higher degree will dissipate it as 
steam, and a lower will convert it into ice. 

32. The next most important point, as it appears to me, 
is that contained in paragraphs 16 and 17. I have said 
(1330.), “ what then is to separate the principle of these two 
extremes, perfect conduction and perfect insulation, from 
each other, since the moment we leave in the smallest degree 
perfection at either extremity we involve the element of per- 
fection at the opposite end?” and upon this you say, might 
not this query be made with as much reason in the case of 
motion and rest?—and in any case of the intermixture of 
opposite qualities, may it not be said, the moment we leave 
the element of perfection at one end, we involve the element 
of perfection at the opposite ?—may it not be said of light and 
darkness, or of opaqueness and translucency ? and so forth. 

33. I admit that these questions are very properly put; 
not that I go to the full extent of them, as for instance that 
of motion and rest; but I do not perceive their bearing upon 
the question, of whether conduction and insulation are differ- 
ent properties, dependent upon two different modes of action 
of the particles of the substances respectively possessing these 
actions, or whether they are only differences in degree of one 
and the same mode of action? In this question, however, 
lies the whole gist of the matter. To explain my views, I 
will put a case or two. In former times a principle or force 
of levity was admitted, as well as of gravity, and certam 
variations in the weights of bodies were supposed to be 
caused by different combinations of substances possessing these 
two principles. In later times, the levity principle has been 
discarded ; and though we still have imponderable substances, 
yet the phenomena causing weight have been accounted for 

y one force or principle only, that of gravity ; the difference 
in gravitation of different bodies being considered due to dif- 
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ferences in degree of this one force resident in them all. Now 
no one can for a moment suppose that it is the same thing 
philosophically to assume either the two forces or the one force 
for the explanation of the phenomena in question. 

34. Again, at one time there was a distinction taken be- 
tween the principle of heat and that of cold: at present that 
theory is done away with, and the phenomena of heat and cold 
are referred to the same class, (as I refer those of insulation 
and conduction to one class), and to the influence of different 
degrees of the same power. But no one can say that the two 
theories, namely, that including but one positive principle, and 
that including two, are alike. 

35. Again, there is the theory of one electric fluid and also 
that of two. One explains by the difference in degree or 
quantity of one fluid, what the other attributes to a variation 
in the quantity and relation of two fluids. Both cannot be 
true. That they have nearly equal hold of our assent, is only 
a proof of our ignorance : and it is certain whichever is the 
false theory, is at present holding the minds of its supporters 
in bondage, and is greatly retarding the progress of science. 

36. I think it therefore important, if we can, to ascertain 
whether insulation and conduction are cases of the same class, 
just as it is important to know that heat and cold are pheno- 
mena of the same kind. As it is of consequence to shew that 
smoke ascends and a stone descends in obedience to one pro- 
perty of matter, so I think it is of consequence to shew that 
one body insulates and another conducts only in consequence 
of a difference in degree of one common property which they 
both possess ; and that in both cases the effects are consistent 
with my theory of induction. 

37. I now come to what may be considered as queries in 
your letter which I ought to answer. Paragraph 8 contains 
one. As I concede that particles on opposite sides of a 
vacuum may perhaps act upon each other, you ask, where- 
fore is the received theory of the mode in which the excited 
surface of a Leyden jar induces in the opposite surface a con- 
trary state, objectionable?” My reasons for thinking the 
excited surface does not directly induce upon the opposite 
surface, &c., is, first, my belief that the glass consists of par- 
ticles conductive in themselves, but insulated as respects each 
other (17); and next, that in the arrangement given 4, 9, 
or 10, A does not induce directly on C, but through the inter- 
mediate masses or particles of conducting matter. 

38. In the next paragraph, the question is rather implied 
than asked—what do I mean by polarity? I had hoped that 
the paragraphs 1669. 1670. 1671. 1672. 1679. 1686. 1687. 
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1688. 1699. 1700. 1701. 1702. 1703. 1704., in the Researches 
would have been sufficient to convey my meaning, and I am 
inclined to think you had not perhaps seen them when your 
letter was written. ‘They, and the observations already made 
(5. 26.), with the case given (4. 5.), will, I think, be suffi- 
cient as my answer. The sense of the word polarity is so 
diverse when applicd to light, to a crystal, toa magnet, to the 
voltaic battery, and so different in all these cases to that of 
the word when applied to the state of conductor under induc- 
tion (5.), that I thought it safer to use the phrase ‘species 
of polarity,” than any other, which being more expressive 
would pledge me further than I wished. 

39. Paragraph 11 involves a mistake of my views. I do 
not consider bodies which are changed by friction, or other- 
wise, as polarized, or as having their particles polarized (3, 
4. 27.). This paragraph and the next do not require, 
therefore, any further remark, especially after what I have 
said of polarity above (38.). 

40. And now, my dear sir, I think I ought to draw my 
reply to an end. ‘The paragraphs which remain unanswered 
refer, I think, only to differences of opinion, or else, not 
even to differences, but opinions regarding which I have not 
ventured to judge. These opinions I esteem as of the utmost 
importance ; but that is a reason which makes me the rather 
desirous to decline entering upon the reconsideration, inas- 
much as on many of their connected points I have formed no 
decided notion, but am constrained by ignorance and the con- 
trast of facts to hold my judgment as yet in suspense. It is, 
indeed, to me an annoying matter to find how many subjects 
there are in electrical science, on which, if I were asked for 
an opinion, I should have to say, I cannot tell,—I do not 
know; but, on the other hand, it is encouraging to think that 
these are they which if pursued industriously, experimentally, 
and thoughtfully, will lead to new discoveries. Such a sub- 
ject, for instance, occurs in the currents produced by dynamic 
induction, which you say it will be admitted do not require 
for their production intervening ponderable atoms. For my 
own part, I more that half ineline to think they do require 
these intervening particles, that is, where any particles inter- 
vene (1729. 1733. 1738.). But on this question, as on many 
others, I have not yet made up my mind. Allow me, there- 
fore, here to conclude my letter; and believe me to be with 
the highest esteem, My dear Sir, 

Your obliged and faithful Servant, 


M. FARADAY. 
Royal Institution, April 18, 1840. 
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XVI.—Experimental and Theoretical Researches in Electri- 
city, Magnetism, &. By WILLIAM Strurceon, Lec- 
turer on Experimental Philosophy at the Honourable 
East India Company's Military Academy, Addiscombe.— 
Superintendent of the Royal Victoria Gallery of Practical 
Science, Manchester, &c. &c. Fifth Memoir. 


Section 1. 


On Voltaic Combinations.—A new Battery of Cast Iron and 
amalgamated Zinc.—A comparison of the Chemical powers 
of various Voltaic Butteries. 


234. About twelve years ago, I engaged in an extensive 
series of experimental enquiries, respecting some of the 
principal conditions necessarily connected with the action of 
voltaic batteries; during which, I arrived at some remarkable 
results, which I then conceived might probably be advan- 
tageously applicable in the formation of that peculiar class of 
electrical apparatus. Some of these results I published in 
the year 1830, in a pamphlet entitled Experimental Re- 
searches in Galvanism, Electro-magnetism, &c.”* Since the 
time of my pamphlet making its appearance, some of those 
results which I described in it have become available in the 
hands of other experimenters, and some others have come 
into general use in almost every form of voltaic battery. 
There are, however, discoveries which I then made and in- 
tended for the second part of that pamphlet, and as they have 
not yet been met with by others, nor in any way made public, 
only occasionally at my lectures; and as they appear to be of 
some importance, whether viewed as theoretical or practical 
data, I venture to give them a place in this memoir. 

235. In the pamphlet already alluded to, I have shewn, at 
page 44, that when two similar pieces of iron are placed, one 
in each of two strong solutions of nitric acid in water, of 
different degrees of strength, having a bladder partition between 
them, they formed an active voltaic pair. A galvanometer 
with a heavy needle, four inches long, supported on a pivot, 
was employed in these experiments, and the needle would 
frequently stand at an angle of 35° particularly if the stronger 
portion of the acid solution be not very feeble, and these 


° This pamphlet is published by Sherwood, Gilbert, & Piper, Paternoster 
Row, London. , 

+ In the pamphlet alluded to, I pointed out and shewed by conclusive 
experiments the superiority of rolled zinc over cast zinc, in voltaic arrange. 
ments. 


Vol. V.—No. 26, August, 1840. Q 
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energies seem to improve with an increase of acid in that 
portion of the fluid.” 

236. At page 45, of the same work, (paragraph 49), under 
the head iron and nitrous acid,” I have shewn that, the 
electric relations of the two pieces of polished iron when 
placed in two portions of this acid, very differently diluted, or 
the one piece in the acid solution and the other in water, are 
precisely of the same character as when the nitric is employed; 
but the electrical energies displayed are more energetic, &c.” 

237. From the facts discovered in these experiments, I was 
led to construct a compound battery of ten small pairs of iron 
p in wooden cells; each cell being furnished with a 

ladder partition. ‘The iron which constituted what I have 
called ‘‘ a pair,” was, however, merely a single piece, or long 
strip, which, by being bent in the middle, was easily adapted 
to unite two troughs: one of its ends being immersed in the 
strong acid solution, and the other end in the feeble acid solu- 
tion of the vicinal trough; and so on throughout the series. 
With this battery I could decompose water, ignite metals, 
charcoal, &c. to a certain extent as decidedly, as by any 
voltaic battery whatever, ; but as its chemical and calorific 
powers did not meet my expectation, I proceeded no farther 
with it. I discovered however, that iron held a more elevated 
rank amongst the metals when associated with amalgamated 
zinc, in voltaic series, than had ever been noticed by any 
other experimenter. Indeed, at that time amalgamated zinc 
had never been employed in voltaic batteries, except ina 
semi-liquid form by Mr. Kemp, an ingenious chemist at Edin- 
burgh. Sir Humpbrey Davy first noticed that amalgamated 
zinc acted better than pure zinc when associated with copper, 
in a single pair; but I believe that the employment of amal- 
gamated rolled zinc originated with my own experiments :* 
and I formed compound batteries of cylinders of zinc and 
co per which worked exceedingly well with diluted sulphuric 
acid. 

238. I discovered also that cast iron and wrought iron per- 
formed very differently in voltaic combinations with zinc, the 
cast iron forming the more energetic combination with that 
metal, especially when well amalgamated. I discovered more- 
over, that amalgamated iron holds a higher rank than either 
cast iron or wrought iron, when voltaically associated with 
zinc, and that, therefore, any transference of mercury that 
might occur from amalgamated zinc would rather be favorable 


* Zinc may be easily amalgamated by first immersing it in dilute sulpharic 
acid and then in mercury. See p. 41, of my pamphlet. 
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to the action, than otherwise, a circumstance so diametrically 
opposed to that which occurs with amalgamated copper as to 
give a preference to iron over that metal in voltaic associations 
with amalgamated zinc, especially when excitation is carried 
on with dilute sulphuric acid. Lately I have been induced 
to construct larger batteries of cast iron and amalgamated 
zinc, than I had ever before done, which, with their performances 
in the display of phenomena, I will now describe. 

239. The first battery of this kind, that I constructed since 
my appointment at this Institution, consists of ten cylindric 
jars of cast iron, each 8 inches high and 3} inches diame- 
ter, with the same number of amalgamated zinc cylinders of 
the same height as the iron ones, and about 2 inches diameter. 
Each pair of these metals is connected together by means of 
a curved stout copper wire, one end of which being soldered 
to the iron, and the other to the zinc, as shewn in fig. 7, 
plate 1.“ The zinc of one pair is placed in the iron jar of the 
next, and so on throughout the series: contact being pre- 
vented by discs of millboard placed in the bottoms of the iron 
vessels. Before any regular or exact experiments were 
earried on with this battery, a few trials were made with it to 
give an idea of its probable powers; some of which are the 
following : 

240. Experiment 1.— When six pairs were arranged in series, 
and charged with dilute sulphuric acid, the polar wires were 
properly connected with an electro-gasometer, whose terminal 
platinum plates are 2} inches high, and 1} broad; consequently 
exposing a surface of upwards of 11 square inches to the acid- 
ulated waterf in the instrument. The terminals gave off 
2 cubic inches of the mixed gases per minute. . 

241. Experiment 2.—By adding two other pairs to the 
last series, and arranging the whole in a series of 8 pairs, the 
terminals in the electro-gasometer liberated 74 cubic inches of 
the mixed gases per minute. ‘The above results were obtained 
several times over, and, in some cases, after the battery had 
been in action for more than three quarters of an hour. 

242. Experiment 3.—The electro-gasometer was now laid 
aside, and the calorific effects of the eight pairs in series were 
as follow :— 

Charcoal gave out a small star of brilliant light. 

One inch of copper wire „ of an inch diameter was fused. 

Four inches of do. made white hot. 


* This figure will also appear in plate 4, which will also contain several 
other figures illustrative of certain parts of this memoir. 

+ The liquid in the electro-gasometer was 6 water, and 1 sulphuric acid, 
by measure. l ; 
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Eighteen inches of do. made red hot in broad day light. 

Eight inches of watch main spring was made red hot. 

Two inches of do. made white hot for several successive 

minutes.“ 

243. Experiment 4.— The battery had now been in action 
more than an hour, and its decomposing powers were again 
ascertained to be equal to those exhibited at first, the terminal 
platinum plates still liberating the mixed gases at the rate of 
74 cubic inches per minute. ‘The voltaic series, on this occa- 
sion, was not extended beyond eight pairs, in consequence of 
the other two iron jars being leaky, and could not be used 
until the fissures were repaired. _ 

244. Experiment 5—As the exhibition gallery of this 
institution was shortly to be opened to the public, I was 
requested by some of our directors to try if this battery could 
be used to illustrate the explosions made by Colonel Pasley 
against the wreck of the Royal George. For this purpose, 
the series of eight pairs was furnished with two conducting 
wires, 200 feet in length each, making a circuit of 400 feet 
long. When the farthest extremities of these wires were joined 
by a thin platinum wire, the latter instantly became red hot, 
which left no doubt of the calorific powers of the battery being 
capable of exploding gunpowder at that distance ; but as no 
preparations had been made for trying its calorific effects below 
the surface of a body of water, nothing farther was done at 
that time. 

245. Experiment 6.—On Saturday afternoon, the 30th of 
May, some of our directors and a few other gentlemen, met 
in the gallery, and it was proposed to try the iron batte 
again: and as the two leaky jars (243.) were now repaired, 
the whole ten were arranged in one voltaic series, and charged, 
as before, with dilute sulphuric acid. The electro-gasometer 
which had been used in the former experiments, (240.) having 
been broken by accident, another, of much larger dimensions 
was now employed. Its terminal metals consist of two sheets 
of thin platinum, exposing about 144 square inches of surface 
to the acidulated water in the apparatus.t When the ten pairs, 
in series, were properly connected with the terminals of this 
instrument, 15 cubic inches of the mixed gases were liberated 
per minute. In the course of about eight minutes’ action, the 
rate of decomposition sank to about 13 cubic inches per 


* In the short description of this battery given at page 67 of this volume, I 
have said that 10 pairs were used to produce these calorific effects, but I find 
by my notes that only eight pairs were used. 

+ This electro-gasometer is that which was used with Mr. Grove’s battery, 
at the Royal Institution of Great Britain. See Annals of Electricity, vol. 4, p. 
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minute; and after a quarter of an hour’s action, it became 
reduced to about 11 cubic inches per minute. 

246. Experiment 7.— Preparations were now made for imi- 
tating the, blowing-up of:the Royal George, but as"no water 
could be let into the basin of the canal in the exhibition room 
of the Institution, in consequence of the painters being at work 
in it, we had recourse to a very humble, and to some per- 
sons it will appear, a most ridiculous substitute; viz., a bucket 
of water. Our charge of gunpowder was the same as that 
used in the Polytecnic Institution in London, being furnished 
with a stock of cartridges, from Messrs. Watkins and Hill, 
Charing Cross, which had been made for similar illustrations in 
that Institution. The bucket of water being placed on the floor 
of the lecture room, and one of the extremities of each long con- 
ducting wire (244) being twisted to the wires of the cartridge, 
the other extremity of one of them was attached to one pole of 
the battery, situated in the passage outside of the room door. 
When the word fire was given, and the circuit completed by 
Mr. Brookhouse, who stood by the battery, with the other con- 
necting wire, for that purpose, the most singular phenomenon 
occurred that was ever beheld by ai of the party present; 
and certainly one which none of us had been led to expect. 
The explosion of the gunpowder was accompanied by a simul- 
taneous perpendicular ascent of both bucket and water into 
the air, where they seemed to rest, for a moment, at an alti- 
tude of about 5} feet above the floor, when both fell, and the 
greater part of the water spilled on the floor. The singularity 
of this antick of the bucket produced an effect on the bystan- 
ders more easy to imagine than describe: every one involun- 
tarily burst into an immoderate fit of laughter, which became 
more and more excited as each person described the ludicrous- 
ness of the event; and the consternation displayed by the 
two servants, who were present, in finding mops, basins, and 
other parapharnalia, with which they were not prepared, for 
taking up the water from the room floor, added no little to 
the burlesque character of the scene. However, the two men 
were very active, and in a short time the most of the water 
was in the bucket again. 

247. Experiment 8.— When the effect of the last blow-up 
had sufficiently abated, one of our directors proposed that the 
experiment should be repeated, in order to ascertain how high 
the bucket and water could be raised by a second explosion. 
The necessary preparations being made, and chairs, forms, 
tables, &c., being removed from the vicinity of the bucket ;, 
the glass cupboard, in which our splendid electrical machine 
is placed, being guarded by chairs, forms, &c., against the 
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effects of splinters in case of the bucket giving way to the 
force of the powder, and the faces of glazed pictures turned 
to the wall, &c., the cartridge was sunk in the water; and on 
the word fire being given the explosion again took place. The 
bucket jumped up to the height of about 44 feet from the floor 
on to the lecture table, carrying with it only a small portion 
of water, the rest being scattered about in every direction. 
The servants, who were prepared, on this occasion, to take up 
the water from the floor, set to work with great alacrity in 
hopes to be enabled to replace the greater part of it in the 
bucket in a few minutes; but observing, after working a short 
time, that with all their efforts they were not lessening the 
water on the floor, one of them looked to see how much had 
been collected in the bucket, and immediately called out, that 
“ the bottom was blown out!” Nothing better than this news 
could possibly have happened, to give increased tension to 
the already excited risibility of the company. 

248. The cause of the bucket and its water jumping up 
together by the first explosion, may probably be traced to the 
sudden reaction of the floor against the bottom of the bucket: 
which rebounded with a force nearly equal to that with which 
the water was blown upwards, and being in the same direc- 
tion they kept pace with one another. | 

249. Experiment 9.—The battery had now been charged 
more than an hour, and its decomposing powers were again 
tried with the same electro-gasometer as last used. From a 
mean of several trials the liberated gases amounted to more 
than 10 cubic inches per minute. 

250. Since the appearances of my pamphlet in 1830, experi- 
menters have turned their attention to the improvement of 
voltaic batteries, and several kinds have been invented, each 
of which has its peculiarities, and, for some processes, most of 
them have a great advantage over those previously in common 
use. It seems rather doubtful, however, from the facts 
hitherto in our possession, that we shall ever discover a form 
of battery capable of exhibiting every class of electric pheno- 
mena to the best advantage. Itis true that with the command 
of an extensive series of movable combinations or pairs, we 
ean aranne them in groups, or in series in a great variety of 
ways, and thus be enabled to modify their forces so as to 
become advantageously available for the display of the electro- 
magnetic, electro-chemical, and the electro-calorific classes 
of phenomena; but for the display of the purely electrical 
phenomena, such as the attractions and repulsions, and the 
charging of coated glass, the original pile of Volta still stands 
pre-eminent ; and amongst all the forms of battery which 
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have hitherto made their appearance, that of Cruickshank’s 
is the only one which can be advantageously employed for 
purposes of this kind, and for medical treatment it seems better 
adapted than any other. 

251. The batteries severally invented by Grove, and Smee, 
are unquestionably about the most powerful now generally 
known for continued action in the electro-magnetic, electro- 
chemical, and electro-calorific departments; but their high 
price almost precludes their general employment amongst 
experimenters, excepting in such cases as where the funds of 
an institution are at command. Professor Daniell’s battery 
is also so constructed as to retain its powers in action for a 
long time together, but unless of large dimensions, its chemi- 
cal, magnetic, and calorific powers, are far below those of the 
former two batteries. Besides the first cost of Grove’s and 
Daniell’s batteries, there is a continual current expense 
attending their preparation and keeping in order for experi- 
ment, to which Smee’s battery is not subject: for diluted 
sulphuric acid being the only liquid used, and having no 
diaphrams between the metals, the excitation is accomplished 
at a cheap rate, and is not complicated by appendages 
which are expensive in every form they have hitherto 
assumed, not only in the first purchase of the battery, but 
by the frequent renewal of those which become destroyed, 
and the time necessarily required for their preparation. 

252. Notwithstanding the advantages obtained by the great 
superiority in the action of the modern forms of battery over 
that exhibited by those invented respectively by Cruickshank 
and Wollaston, but very little seems to have been done towards 
ascertaining their real capabilities, as to the most advantageous 
display of the several classes of phenomena to which they are 
best adapted : hence it is, that their full powers are but little, 
if at all known. It is thus that an important inquiry is still 
left untouched, which may probably reveal facts of the highest 
interest to this department of physical science. Moreover, 
as the employment of voltaic batteries has now become very 
extensive, not only in investigations, but in the daily illustra- 
tions at this, and many other similar institutions, and is likely 
to be still more extensively employed, both in military and 
civil engineering, it is obvious that a cheap efficient battery, 
with the mode of conducting it to the best advantage, are 
desiderata of great moment to the practical man who ma 
have occasion to avail himself of the advantages which suc 
an implement affords in the daily processes of his professional 
avocations. But an investigation such as is best adapted to 
reveal these important facts, would require the command of 
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every kind of battery that appears likely to be adapted for 
general purposes, to which such an implement? is peculiarly 
applicable: and although not much skill in manipulation 
would be absolutely essential to such an undertaking, the 
requisite series of experiments would be somewhat expensive, 
and could not be conducted without a considerable occupation 
of time. 

253. The batteries belonging to this institution are the fol- 
lowing, viz.:—Cruickshank’s, two troughs of 50 pairs of 3 inch 
plates each.—Wollaston’s, two troughs of 10 pairs of 4 inch 
plates, with double coppers each.—Daniell’s, 20 copper cylin- 
dric jars, 24 inches high and 4 inches diameter, with amal- 
gamated strips of rolled zinc, in hempen bags or diaphrams. 
Grove’s, 50 pairs of 4 inch platinum plates, with double 
amalgamated zinc in porous pots for diaphrams. Besides 
these, we have 30 of those cast iron jars, with their 
amalgamated zinc cylinders already deseritied: (239), and 20 
pairs of copper and amalgamated zinc cylinders, in porcelain 
jars. I have availed myself of the use of these batteries, and 
also of one of Smee’s construction of twelve pairs, which, by 
the kindness of Mr. Joseph Lockett, has been placed in my 
hands for the purpose of comparing their powers in the display 
of the electro-chemical, electro-magnetic, and the electro- 
calorific classes of phenomena, and for ascertaining which kind 
of battery is most likely to become more generally useful, both 
as 9 economy and facility of manipulation. 


On the Chemical Powers of Voltaic Batteries. 


254. The chemical powers of our modern batteries have, 
hitherto, been tested in no other way than by the decomposi- 
tion of acidulated water. This circumstance may probably 
be owing to the great facilities which are afforded by operating 
on this compound, and the supposed exactness of the results. 
In point of preparation and manipulation there can be no doubt 
of the superior facilities for the decomposition of water, over 
that of most other bodies; but notwithstanding the facilities 
thus afforded to experimenters, the decomposition of water, 
as a test for the powers of voltaic batteries, has led many to 
the most extravagant inaccuracies: and I am not aware that 
any experiments are on record that have been directed to an 
enquiry for ascertaining the best means of arriving at a maxi- 
mum of decomposition by the employment of any one of the 
several batteries which have hitherto been constructed. The 
errors of a fashionable man, whatever may be the nature of 
his pursuits, are almost sure to lead those astray who have 
either no desire or no opportunity to judge for themselves, 
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and there is not, perhaps, amongst the numerous errors into 
which Dr. Faraday has fallen, one more eminently calculated 
to mislead the unwary experimenter, than the pretended accu- 
racy of the indications of an instrument, the principles of which, 
he either neglected to reveal, or of which he had not the slightest 
knowledge. The visionary voliameter has been a favorite 
mstrument with experimenters, only because of their credence 
in the assertions of its author, and some of them have thus 
been led into errors which would otherwise have been avoided, 
amongst the records of their own discoveries. 

255. If we wish to arrive at a knowledge of the powers of 
any voltaic battery in the process of decomposing water, there 
are several particulars which are necessary to be attended to: 
some of which will vary with almost every form of battery, 
whilst others are common to all batteries whatever. 

256. The first essential point to be determined is, which is the 
most influential body in facilitating decomposition when dis- 
solved in the water to be operated on? And as that solution 
which facilitates decomposition the most in one case, will also 
facilitate it to the greatest extent in all, whatever may be the 
form of battery employed, the determination of this point be- 
comes easily accomplished. A solution of sulphuric acid is now 
generally placed in connexion with the platinum terminals in 
the decomposing apparatus: and I have not found any other 
which facilitates decomposition to the same extent, when the 
water is to the acid as about 5 tol. The mixture ought to 
be made some hours prior to its being placed in the apparatus, 
otherwise its heat will soften the cement so as to give way to 
the liquid pressure, and become leaky. Whatever may be the 
real character of the action of bodies which facilitate the decom- 
position of water :—whether it be a mere mechanical separa- 
tion of its particles, which makes them more assailable to 
the electric forces ;—an improvement in its electro-conduc- 
tion, and thus permits the introduction and consequent flow 
of a greater quantity of electric fluid; or whether it admits of 
an improved electro-polarization by an association with the 
particles of the dissolved body, remains a problem, for which 
philosophers have not yet found a solution. 

257. The second consideration is the distance between the 

latinum terminals in the decomposing apparatus, which can 

rdly be too small, provided they do not absolutely touch one 

another. This is a fact generally known, and like the former 
rticular, applies to all batteries whatever. 

258. The third thing to be determined in the decomposition 
oy water, is the size of the terminal metals in the decomposing 


apparatus: for the extent of decomposition will vary very 
Voi R 


L. V.—No. 26, August, 1840. 
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considerably with terminals of different extent of surfaces. 
With feeble batteries, it is necessary to concentrate the elec- 
tric force to a mere point before any decomposition of water 
can be accomplished ; hence, in such cases, short thin plati- 
num wires are preferable to terminals of larger dimensions. 
The decomposition of water, however, is not the best test for 
ascertaining this law with precision, when the intensity of the 
battery is very feeble. Perhaps the following experiment will 
answer as well as any, 

259. Experiment—Employ a battery of one pair only, of 
small dimensions, and let the liquid operated on be a strong 
solution of sulphate of copper. Let the terminal metals be sheets 
of platinum foil of 3 or 4 square inches each; and immerse 
them both completely in the cuperous solution. No decom- 
position is perceptible, even though the connexions be con- 
tinued for more than an hour: but a galvanometer placed in 
the circuit, indicates the existence of a current. Let, now, 
the negative terminal be taken out and wiped dry, and then 
immerse only one of its corners. In a few minutes the im- 
mersed corner will be covered with precipitated copper, indi- 
cating decomposition by the force of the concentrated current 
at that point: but the galvanometer needle indicates a much 
feebler general current than when the platinum plate was 
wholly immersed. By immersing the corner of the platinum 
terminal to different depths in the solution, the exact amount 
of metallic surface which just allows of decomposition, may 
be discovered. And it will be found, in all cases, that as the 
immersed surface increases, the magnetic deflections increase 
also. Hence it becomes obvious that the powers which such 
feeble currents exercise on a magnetic needle are no indications 
of the chemical powers of the battery; unless, indeed, we 
look for the one as the reverse of the other. There are several 
interesting facts on this nice subject ; but as the principal ob- 
ject of this memoir is to investigate the powers of the most 
formidable batteries known, I shall not dwell upon them tilla 
future oppor nuniy presents itself. 

260. Ihe fourth point tò be determined to effect the maxi- 
mum of decomposition of water, by voltaic electricity, is the 
proper extent of the voltaic series, or of the proper unit of inten- 
sity of the battery : and as the intensities of different batteries 
with the same extent of series, differ very much from each other, 
the determination of this point must be of great interest to ex- 
perimenters generally, or . 

261. Having now pointed out four grand particulars to be 
attended to for obtaining a maximum decomposition of water 
by voltaic electricity, I will next proceed to describe the 
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results of a few series of experiments made with the various 
kinds of batteries already noticed. 

Table of Experiments on the Decomposition of Water, 
with various Series of Professor Daniell's Voltaic Battery; 
with the two Electro-gasometers described in (253 ). 


No. of pairs in 


Series. Quantity of Gas obtained per Minute. 


From the Large Terminals.) Frum “i Small Terminals. 
( ) ) 
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262. Each of the above tabulated results, is the mean of 
several trials; they furnish us with a knowledge of the unit of 
intensity, of this kind of 51 which is obviously that given 
by a series of 5 pairs. And although the decomposition by an 
extensive battery, would not suffer much loss by employing 
2 series of either 6 or 7 pairs, yet any series above 7 or below 
5, would be attended with a great loss in the quantity of de- 
composition in a given time. 

263. Another essential feature in these results, is m the 
quantities of gas liberated by the different sized terminals; the 
larger ones invariably producing the greater quantity. 

264. In another series of experiments with Mr. Daniell’s 
battery, and the electro-gasometer with the larger plates (245), 
I obtained 10} cubic inches of the mixed gases per minute, with 
a series of 10 pairs; and with lower series, tlie rate of decom- 
position was nearly proportional to that in the above table; 
thus indicating by both sets of experiments, that the proper 
unit of intensity is a series of 5 pairs: for by employing 
the ten pairs in two series of 5 pairs each, I obtained above 
12 cubic inches of the gases per minute. 


265. Table of Experiments on the Decomposition of Water, 
by various Series of Voltaic Pairs of Cast Iron and amalga- 
mated Zinc, as described in paragraph (239 ). 


No. of Iron Jars Cubic Inches obtained per Minute. 


1n Series. 


Scarcely anv. 
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266. The first thing to be observed in this table, is the supe- 
riority of action by the large terminals, over that by the smaller 
ones; and in a much greater degree, than by Daniell’s form 
of battery. 

267. ‘The next thing to be observed is the rapid increase of 
decomposition, by an increase of the voltaic series, even up to 
ten pairs; by which we understand that the whole in one 
series, is much more powerful than in any other way we could 
combine them; and it is probable, that by extending the 
series we should discover that the proper unit of intensity, is 
considerably greater than that given by ten pairs. 

268. The above results were by the employment of the first 
ten pairs, of this kind, that were constructed; but since the 
time the above expermiments were made, I have obtained 22 
cubic inches of the mixed gases per minute with the 10 pairs 
in series; I have also got 20 new iron jars cast; with 10 

airs of which I have obtained 99 cubic inches of the gases 
in four minutes action: and I am in hopes of arriving at a 
still greater rate of decomposition. In all cases with the iron 
batteries, the decomposition has increased rapidly up to ten 
pairs in series, indicating that a still higher intensity is re- 
quired for the most advantageous unit of intensity. 


269. Table of Experiments on the Decomposition of Water, 
by various Series of Voltaic Pairs, on the principle of Mr. 
Smee’s Battery. The Electro-gasometer, with large Terminals, 
(245 ) was the only one employed in this series of experiments, 


Cubic Inches of Gases liberated in One 


No. of Pairs in : 

Series. Minute 105 large TAn 
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270. If we look to the rapid inerease of decomposition from a 
series of 6 pairs to the series of 10 pairs, we are soon con- 
vinced that to employ a series of 10 is more advantageous 
than any series below that number; and it is very probable 
that the proper unit of intensity with this battery, as with the 
cast iron one, is considerably above that given by a series of 
10 pairs. This point, however, must be determined by future 
experiments, as I have not, at present, more than 10 pairs 
at command. But the experiments detailed in the above table, 
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will be a sufficient guide, for the present, for any person em- 
ploying no more than 10 pairs at once, because it is obvious 
that the decomposition of water will be accomplished to the 
greatest extent, by employing them in one series: which also 
appears to be the case with the cast iron battery. 


271. Experiments on the Decomposition of Water, by 
various series of Voltaic Pairs, upon the principle of Mr. 
Groves Battery. The decomposing apparatus with the 
larger terminals was used 245. 


No odi in Cubic Inches of Gas per Minute. 
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272. From the results of this series of Experiments, it is ob- 


vious that the 10 pairs in series produce more decomposition 
than by any other combination of them; and it is probable 
that a still more extensive series would be the proper unit of 
intensity for accomplishing the maximum of decomposition by 
this kind of battery. Mr. Grove has, I believe, constantly 
employed his battery in series of 5 pairs only, which series is 
obviously too small, and occasions a considerable loss of 
decomposing power. 

273. Suppose, for instance, that a battery of 30 pairs were to 
be used, in six series of 5 pairs each, then as 5 pairs give 
11 cubic inches of gas, 5 x 6=30 pairs, would give 6 X 11=66 
cubic inches. But 30 pairs in three series of 10 pairs each 
would give 3X 24 72 cubic inches of gas, which is six cubic 
inches more than by Mr. Grove’s mode of combination. 

274. In order to compare the decomposing powers of these 
batteries, it will be necessary to ascertain their relative me- 
tallic surfaces exposed to the exciting media. They stand as 
below for each pair :— 


Daniell’s 360 square inches of metallic surface. 


Smee’s ...==192 do. do. 
Sturgeon’s= 162 do. do. 
Grove’s . . 104 do. do. 


275. Thus, by assuming Mr. Grove's battery as the unit of 


-e — — — — — —— — öEmj — — — — 


Pi 


134 Mr. Sturgeon’s Fifth Memoir. 


surface, and also the standard of decomposing power, we shall 
have: 
Metal. Gas. Metal. Gas. 
144 ³˙¹¹ ⁵˙*ů mmꝶ » 24 Groves 
162 : 25 :: 104 : 14:8 Sturgeon's 
192: 15 :: 104: 81 Smee's 
360 : 12 :: 104 : 35 Daniell's 


276. Hence it appears, that if the whole of the batteries ex- 
posed precisely the same extent of metallic surface to the exist- 
ing liquid, that invented by Mr. Grove would have a decided 
preference, and Professor Daniell’s battery would hold but a 
very low rank in Pom of decomposing power. But if we 
view them individually according to their respective sizes in 
which they have been employed in these experiments, then 
their maximum powers that I have obtained, will stand thus : 


Sturgeon's .. 25 Cubic inches of gas per minute. 


Groves... 24 do. do. 
Smee’s ...... 15 do. do. 
Daniell’s...... 12 do. do. 


277. The next consideration is the cost of these batteries, 
both as relating to the first purchase, and the current expense 
of keeping them in action. The price given for 12 pairs of 
Smee’s construction, Mr. Lockett informs me, was 432. 
Hence the price of 10 pairs would be £26 13s.*—The price 
of 10 pairs of each of the other kind of batteries is, Grove’s 
£7.—Daniell’s £6.—Sturgeon’s £3 10s. 

278. The excitation is carried on by about the same quantity 
of suphuric acid in each battery ; and in Smee’s, and the iron 
batteries, no other expense is required. But in Grove's 
battery 14 lbs. of the best nitric acid for 10 pairs is used in 
addition: and in Daniell's, about 5 lbs. of sulphate of co 
per, in addition to the sulphuric acid, is used for 10 pairs. In 
both these latter batteries, there are also diaphrams which 
are eee falling into decay, which is another current 
expense attending these batteries. The mercury employed in 
the amalgamation of the zinc, would be nearly the same in all 
the forms of battery hitherto described; but the time occupied 
in fitting up is very different indeed: the iron battery requir- 
ing much less time than any of the other forms. Hence as 
far as the decomposition of water is concerned, the iron 
battery has a decided advantage, both in point 9f power and 


* There can be no question, of this te avery extravagant price, as I am 
confident that it can be bad for less than half that money, either from Watkins 
and Hill, Clarke, Carey, Jones, Newman, or Harris. 
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economy : and is so simple, that it is manageable by any per- 
son: and what is another point in its favor, it works best 
when quite rusty: and retains its power a long time. The 
hydrogen is certainly an annoyance, but I have hit upon a 
contrivance to remove it, which I shall describe in the sequel. 


( To be continued in the September Number. ) 


XVIL—Description of a New Compensating Pendulum. 
By WILLIAM GWINN JoxEs, A. M. 


(Extracted from Silliman’s Journal.) 


During the latter part of the past year, while engaged in 
some interesting astronomical observations which required 
considerable accuracy, it was indispensable to procure a time- 
keeper whose rate would not be affected by the variations in 
the temperature of the weather, to which all such machines, 
of ordinary construction, are liable. ‘The expensiveness of a 
chronometer which could be relied upon for such a purpose, 
rendered a resort to some more economical instrument de- 
sirable, if it could be depended upon. ‘The gridiron pendulum 
as well as the mercurial one, both of which have been designed 
to effect this object, were found unsatisfactory; the former 
from the difficulty of procuring an exact adjustment of the 
different rods of which it is composed, so as to produce the 
desired counterbalancing expansion and contraction, and the 
mercurial pendulum proving upon experiment too sensitive to 
be relied upon. Under these circumstances, I contrived a 
simple arrangement for a pendulum, acting upon the principle 
of the lever, which performed with so much accuracy that I 
have been induced to present it to the notice of the readers of 
the American Journal, believing it will not prove uninterest- 
ing to those engaged in scientifle investigations requiring 
great uniformity of action in a time-keeper. The arrange- 
ment of the parts is so simple as to be readily understood by 
any skilful workman, and as it is entirely free for the adop- 
tion of any one who may prefer its construction, I have 
prepared a description and diagram to render it intelligible. 

ig. 5 plate 3, shews the whole pendulum, the dotted lines 
representing similar parts to those on the opposite side, and aré 
introduced to render the drawing more easily understood ; 
a is a similar spring to that which is attached to the pendulum 
of an ordinary eight-day clock, and is firmly attached to the 
perpendicular brass bar 5. Through 5 there is the usual 
opening for the guy-wire, which gives motion to the pendulum, 
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This bar is firmly affixed to the transverse bar c either by 
riveting or soldering. On each end of the bar c there is 
attached a brass rod d, d, and one inch from each of these 
there is also affixed a steel rod e, e. These four rods pass 
through the bar p, which is intended merely to preserve them 
in their proper position, and is attached to the two brass 
rods by a pin passing through both, while the steel rods are 
allowed to move freely through the holes. At V a transverse 
bar or lever is affixed to d by a loose pin passing through 
them, and the same attachment is made to the steel rod e at 
g. This bar is four inches long, three inches of which extend 
from g to h, and a similar one is attached to the dotted rod d 
and extends on the opposite side. At A there is another loose 
attachment to the rod i, which is of steel, and which is again 
affixed to the bar k. At k there is a permanent bar m, which 
passes through the weight o, and has the usual adjusting 
screw n at the bottom. 

Rationale.——Suppose that by an increased temperature of 
20°, the steel rods e, e, are expanded in length I of an inch. 
The rods d, d, being of brass, and a small fraction larger than 
the steel, will expand 3 of an inch by the same increase of 
temperature, it being an established theory with the best 
French chemists, that the relative effect of the temperature 
upon the two metals is as 3 to 5, or nearly double the expan- 
sion in brass as in a steel rod of similar size. ‘The outer rods 
then have expanded in length zz of an inch more than the 
inner rods. It will be apparent from a slight inspection of 
the drawing, that as the brass rod d and the steel one e are 
attached by a connecting pin to the transverse bar fh, that 
by d expanding more than e, that F becomes a lever, g being 
the fulcrum, and as g h is three times as long as F g, conse- 
quently if d be expanded ; more than e, the end A will be 
elevated & of an inch, and thereby raise the weight o 3 of an 
inch more than the expansion of d has depressed it. -This 
increased elevation is intended to allow that the spring n the 
bar ö, the rod i, and the bar m, unitedly, will expand } of an 
inch also, and if so, it must be apparent that the whole pen- 
dulum has preserved its equilibrium and remains precisely of 
the same length as if no change had taken place in any of its 


arts. 
a Fig. 6 plate 3, shews a perpendicular view of the transverse 
bar f h, arranged so as to admit the corresponding bar for the 
other side to work freely, and at the same time preserve the 
four upper rods upon a line with each other, which, as the 
levers intrude within each other, could not be done without the 
recess as shewn in the section. The same letters correspond 
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to the same parts in Figs. 5 and 6. The dotted lines in Fig. 6, 
are intended to shew the relative position of the lever which 1s 
attached to the dotted line d, Fig. 5, inregard to the other. - 


Baltimore, Md., 1834. 


XVIII. Description of an Economical Apparatus for 
Solidifying Carbonic Acid, recently constructed at the 
Wesleyan University, Middletown, Conn. By JohN 
Jounston, A. M., Professor of Natural Science. 


The solidification of carbonic acid has of late excited con- 
siderable interest both in Europe and in this country ; but the 
cost of the necessary apparatus has been considerable, and 
many probably have on this account, merely, been prevented 
from making any attempt to repeat the experiment. Most of 
our public literary institutions, in which alone in this country 
such apparatus is ever used, are obliged to study economy, 
and they are therefore often liable to be prevented from avail- 
ing themselves of the benefits of new discoveries like the 
present, merely on account of the expense of apparatus. 

It is therefore thought a description of an economical ap- 
paratus for solidifying carbonic acid may be acceptable to the 
public, though we do not pretend to offer anything new on 
the general subject. 

The generator A, fig.7 plate 3 is made of a common mercury 
flask, several of which I have tested and find sufficiently strong. 
They may be purchased in New York for a dollar a piece, or 
even less. The aperture at the neck may be a little enlarged, so 
as to make it an inch or an inch and a quarter in diameter, and 
the thread of the screw re-cut. A plug of cast-steel B is 
made of a bar two inches in diameter, and turned with a wide 
and smooth shoulder, so as to fit accurately upon a collar of 
block-tin when screwed into its place, as represented in the 
figure. This collar should be soldered to the iron; which is 
easily accomplished by filing the iron bright and tinning it in 
the ordinary manner, and then melting the block-tin and pour- 
ing it on, having first screwed a cork into the aperture and 
formed a wall of putty or clay at a sufficient distance around 
it. The shoulder of the plug is readily made to fit the collar 
accurately by screwing it a few times into its place, and then 
removing with a coarse file the parts of the collar upon which 
it touches. In this manner an accurate joint may be made 
without the use of a lathe; and if the a i does not corres- 
pond precisely with the axis of the flask it is just as well. 

The faucets or stop-cocks are the most difficult part to 
VoL. V.—No. 26, August, 1840. 8 
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construct, and occasion full half the expense. These in our 
apparatus are supposed to be essentially the same as are used 
by others for this purpose, but it may not be amiss to insert a 
description, since none has to my knowledge been given. There 
is this peculiarity about ours, however ; they are inserted in the 
cast-steel plugs, which indeed make a part of them. D fig. 8 

late 3 is designed to represent the plug removed from the gen- 
erator; at the upper end of it ahole F one inch in diameter is 
drilled about an inch deep, terminating in a hollow cone into 
which the point G fig. 9, is accurately ground. A small hole 
extends quite through the plug. Around the aperture F a collar 
of block-tin is fitted to receive the shoulder of the part E, as 
seen at I, and prevents any passage around the threads of the 
screw. Through the axis of the part E a hole three eighths 
of an inch in diameter is drilled, and receives the part G 
which is screwed in from below, the handle H being removed. 
The handle H should be afterwards riveted on. 

Now suppose H E G to be inserted in its place in the 
cast-steel plug, as represented at B I, fig. 7, the plug itself being 
screwed into the generator. If H’ be screwed down, the 
aperture from the generator is firmly closed by the conical 
point G; and by giving H/ a single revolution in the opposite 
direction, the shoulder of G is brought firmly against the 
bottom of E, so that no escape is permitted directly upward, 
but only in a lateral direction through the brass tube L, which 
connects the generator with the receiver C. A washer of 
sheet lead should be placed around the shoulder of G, in 
order to secure a perfect metallic contact between it and the 
bottom of E. 

The receiver C is made of the best boiler iron, which was 
elas welded around a cylinder and a bottom also welded 
in. It is of the same height as the generator, which is about 
one foot, but only about two inches in diameter internally, 
and has a capacity of about one pint. This form enables it 
to resist much greater pressure than if it was of a larger dia- 
meter; and it is rather an advantage than otherwise to have 
it of the same length as the generator. 

A cast-steel plug with stop-cock precisely similar to the 
one described, screws into the receiver, as the other does into 
the generator. The tube L screws into the plug which is 
inserted in the receiver, and the other end, turned to a conical 

oint, fits accurately into a cavity in the plug B, and is held 
in its place by means of the stirrup screw M. Another stirrup 
screw N, and block of wood O, secures the receiver C in its 
lace. 
. To use this apparatus the generator and receiver are sepa- 
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rated, and the plug B being removed, two pounds of bicar- 
bonate of soda, made into a paste with the same weight of 
water, are introduced into A, and twenty ounces* of strong 
sulphuric acid are poured into several lead vessels, made by 
soldering bottoms in pieces of lead tube a little shorter than 
the length internally of the generator, and of such a diameter 
that they will just pass the aperture. These being nearly 
filled with acid are dropped into the generator, which, after 
the plug B is inserted, is allowed to lie on one side for fifteen 
or twenty minutes, or a less time if it is several times rolled 
over to mix the acid with the soda. The receiver is then 
attached to it as seen in the figure, by means of the stirrup 
screws M and N; and if kept sufficiently cool by means of 
ice, the liquid carbonic acid formed in A will shortly be dis- 
tilled over into C, the passage between them being of course 
previously opened by means of the stop-cocks before des- 
cribed. 

The stop-cocks are now to be closed and the receiver, 
which now contains the liquid carbonic acid, separated from 
the generator. A small tin cup is then to be attached to the 
tube L, precisely as in Dr. Mitchell’s apparatus, f to receive 
the jet of the acid from the receiver. It is essential that the 
liquid acid should escape into this cup, which is effected by 
having a small tube pass from the steel plug nearly to the 
bottom of the receiver, or by inverting the receiver before 
opening the stop-cock. 

The best method of testing the strength of the apparatus, 
is by means of a hydraulic press, but it can be done as effec- 
tually by permitting it to lie, when charged, exposed to the 
direct rays of the sun, and excluded from currents of air, till 
the temperature rises to 100° or 110° HF. This should be 
done two or three times before running any risks by ventur- 
ing to handle the apparatus while charged. 

It has been our object to construct an apparatus for forming 
the solid acid ares he but the gauges for ascertaining the 
pressure, &c. might of course be added as in Dr. Mitchell’s 
apparatus. 

e above apparatus, including the expense of testing 
three times, cost us about nineteen dollars. : 


* The quantity of acid required to saturate or neutralize the soda would be 
a little more than 24 oz., or 22 oz. only if the soda is in crystals, but some- 
thing less than this should always be used. 

+ Journal of the Franklin Institute. Vol. xxii. p. 289, and Vol, xxxv. p.346 
of Silliman’s Journal. 
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XIX.—Organic Chemistry. Memoir on the Essence of 
Crystallized Peppermint. By M. WALTER. 


(Extracted from the Comptes Rendus.) 


In a note I had the honor of communicating to the academy 
relative to the essence of crystallized mint. I endeavored to 
discover if it were necessary to place this among a group of 
peculiar bodies, of which, ordinary camphor would be the type; 
or if its place ought to be in that very nearly related, and at 
present so numerous, group of alcohols, of which ordinary 
alcohol is the type. The experiments I have tried decide in 
favor of the first opinion: in fact, the reactions which are 
exercised on the essence common sulphuric acid and per- 
chlorure of phosphorus, neat and decisive reactions, of which 
I shall treat in detail hereafter, are adverse to the idea of 
considering it as a common alcohol. The group with its de- 
rivatives is more numerous than we should at first be tempted 
to suppose. I have tried to represent it in the following 
table, in which several bodies are even yet, only hvpothetical, 
and present gaps which I hope ere long will be filled up. 


C/o H ＋ H+ O? essence of mint C Has menthéne 


Ci H? + Ht O? unknown ...... C H? essence of teribenthine 
C! H2 -+ Ht O?camphor . .. . . Co H*camphéne ö 
Ci H + Ht O? unknown ...... C A% unknown 

Ca 1 II“ O?aniseed......... C# Hꝰ anisene 

C” Hi. + Ht O2 unknown ...... Cao Hie napthaline 


The essence of mint presents itself under the form of 
colorless prisms, of a taste and smell which belong to the 
essence of powdered mint. It is rather soluble in water, very 
much so in alcohol, spirit of wood, ether, and essence of 
terebenthine ; its point of fusion is at 34 c., the point of ebulli- 
tion 213°c., under the pressure of Om. 76. Anhydrous phos- 
phoric and ordinary sulphuric acids, perchlorate of phosphorus, 
dry chloridè acting sometimes in the dark and sometimes as- 
sisted by the solar rays, exercise particular reactions. My 
analyses agree with those of M. Dumas, and the density of 
the vapor which I have found forhim. The following are the 
data of one of these analyses: 0.3225 essence of mint, 0.9055 
carbonic acid, 0.372 water, which gives in centiémes 77.68 
carbon, 12.83 hydrogen, 9.19 oxygen: these results agree 
with the rational formula C H C?, which gives 77.27 car- 
bon, 12.62 hydrogen, 16.11 oxygen. The density of the vapor 
was found 4.62; calculation gives it 5.455. An equivalent of 
essence contains four volumes of vapor. | i 


~ 
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Menthéne.—Causing anhydrous phosphoric acid to react on 
the essence of mint, we obtain a particular liquid body to 
which I have given the name of menthene. Distilling it once 
or twice over anhydrous phosphoric acid is sufficient to purify 
it. This liquid is clear, transparent, and of an agreeable 
smell, its taste is cool; it is soluble in alcohol, ether, &c.; 
burns with a sooty flame, boils at 163°c., under a pressure of 
0.76 ; its specific gravity is 0.851 at 21°c. Chlore and nitric 
acid react in a peculiar manner: brome produces it in a very 
characteristic deep red colorisation: subjected to analyses it 
has afforded me the following result: 0.372 menthène, 1.178 
carbonic acid, 0.426 water, or in centiémes 87.59 carbon, 12.71 
hydrogen. This result agrees perfectly with the formula 
Ce H*, which would give 


C = 1530 87.18 
H*— 225 2 12.12 


I took the density of the vapor twice, and found it 4.9; 
the calculation, according to the formula quoted above, gives 
4.8. Hence an equivalent of menthène contains 4 volumes 
of vapor. 

Common sulphuric acid when cold exercises no sensible 
action on the essence of mint: the mixture only takes a red 
color; but if we heat it in a sea-bath it divides itself into two 
strata, one colorless and fluid, the other thick and deeply 
colored with red; the upper stratum supplied several times 
with cold sulphuric acid exhibits all the characters and com- 
pose of pure menthene, the other, thick, saturated with dif- 
erent bases, gave me nothing from which I could infer the 
existence of sulpho-menthic acid. 

Chloro-menthéne.—In order to prepare a chlorhydrate of 
menthene analogous to the chlorhydrates of bicarbonated 
ayeregen or methylene, I caused some perchlorure of phos- 
p orus to react on essence of mint; the reaction was very 

ively, it disengaged abundant vapors of chlorhydric acid. By 
distilling the whole in a small excess of perchlorure of phos- 
phorus, there passed in the recipient, first, protochlorure of 
hosphorus, then perchlorure, and finally, an oleaginous body. 
e mixture supplied with water, caused to appear on the 
surface of this latter an oleaginous body, which, washed with 
water and a solution of carbonate of soda, afterwards redis- 
tilled twice in perchlorure of phosphorus, washed, put in con- 
tact with chlorure of calcium melted, and 9 in vacuo, 


was subjected to analysis. 


0.24 of matter gave 0.608 carbonic acid and 0.214 water, 
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0.3565 of matter decomposed by incandiscent lime, furnished 
0*4.0 of chloride of silver. 
These reduced to centièmes, give 
Carbon 70.09 
Hydrogen 9.89 
Chlore 20.87 


They agree with the formula of chloro-menthène, which is 


C 69.91 . 
H*= 9.77 
Cl? 20.32 

Chloro-menthéne is a pale yellow liquid, its smell is aro- 
matic, resembling that of mace flowers, the taste. fresh; it 
boils at 204°c., and burns with a fuligmous flame edged with 
green: a concentrated solution of caustic potassa has no effect 
upon it. Hence collecting these characteristics we may con- 
clude that menthéne and chloro-menthéne are two bodies of 
the same type, oa the same relationship between them as 
olefying and chloro-lefying gas, or further, as acetic and 
chloro-acetic acid. 

The action which chlore exercises on the essence of menthéne 
gives rise to compounds of acomplicated composition. Caus- 
ing dry chlore to pass through essence of mint, abundant 
vapors of chloror-hydric acid are liberated, and we at len 
obtain a yellow liquid more dense than water, which, purified 
and dried by the ordinary methods and subjected to analysis, 
gave the following result: 0.338 matter, 0.7 carbonic acid, 
0.22 water—0°365 matter gave 0.557 chlorure of silver, or 
in centièmes, 

Carbon ......49.92\ This composi- (C4 —1530—50.4 
Hydrogen . . 6.29 | Hon serecs very | Hit — 193 6.3 
Chlore ...... 37.6 following for. CI? 1106 36.5 
Oxygen mula: O? = 200= 6.8 


This product exposed to the action of chlore and solar 
light becomes more pale, viscous, loses also 6 equivalents of 
hydrogen which are replaced by 6 of chlore ; in short, 0.321 
matter employed gave 0.411 carbonic acid, 0.112 water; 
0.283 matter furnished 0.643 chlorure of silver. These data 
reduced to centiemes become 


Carbon ......34.42 Which agrees Co 1530 35.4 
Hydrogen eee 3.87 2 © 7 H2 = 156 3.6 
Chlore . 56.0 (molar er. Om 2434—56.3 
Oxygen 0? = 200 4.6 


I now pass on to the reactions produced by nitric acid and 
chlore on menthène. 
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Cold nitric acid exercises no action; but on warming it, 
the reaction is made with extreme violence: numerous recti- 
lant vapors and carbonic acid are liberated. At the end the 
reaction is made with extreme difficulty. We obtain a yellow 
liquid soluble in water and alcohol, which, purified and sub- 
mitted to analysis, gave the following result: 0.374 matter, 
0.582 carbonic acid; 0.222 water or in centièmes, 43.05 car- 
bon; 6.5 hydrogen, 56.45 oxygen, which nearly agrees with 
the formula C H!8 O°. This acid demands a particular 
study. 

Causing dry chlore to pass through menthéne, the chlore 
attacks it in a very energetic manner, and changes it into a 
juicy liquid of a yellow color, which, purified and dried in 
vacuo, gave the following result: 0.311 matter, employed 
0.441 carbonic acid, 0.136 water; 0.282 matter, employed 
0.653 chlorure of silver, or in centièmes: 


Carbon ......39. 2 C =1530=39.18 
Hydrogen .. 4. 8} Which tendsto! fies = 162= 4.17 
Chlore ...... 5.71 IC = 2213—56.67 


In this reaction, the menthéne has lost 10 equivalents of 
hydrogen which have been replaced by 10 of chlore. 

All my attempts to produce with essence of mint and the 
different reactives of the compounds analogous to those which 
afford us alcohol, spirit of wood, ether, placed under the same 
circumstances having failed, the action of sulphuric acid, per- 
chlorure of phosphorus, and phosphoric acid having always 
given me very particular and novel results, we may conclude 
that essence of crystalised mint cannot be regarded as an or- 
dinary alcohol. Hence I shall be led to place it in the same 
group with camphor and acetone, which it very much re- 
sembles. 


X X.— Researches on the Phenomena resulting from the intro- 
duction of certain Salts in the way of the circulation. 
By M. BLAkR. 


(Extracted from the Comptes Rendus.) 


Solutions of several salts, potassa, soda, ammonia, baryte, 
lime, and magnesia, have been, says the author, injected into 
the veins or arteries, and the resulting phenomena have in 
most cases been studied with the assistance of the hœmodyna- 
mometer. A striking difference in the physiological action 
of these substances, hie caused them to be divided into two 
classes ; the one containing salts which destroy the irritability 
of the heart as soon as any blood vitiated by their presence 
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circulates in the partitions of this intestine; and the other 
containing those substances which, without diminishing the 
irritability of the heart, cause death by stopping the blood in 
the lungs, by an influence which it seems to exercise over the 
capillary system of these organs. ‘These two classes of sub- 
stances, distinct as to their physiological action, are so also 
with regard to their chemical composition. 

In fact, salts which have soda for a base seem to be the only 
ones which exercise no action on the irritability of the heart, 
whilst those of all other bases, at least all that we have tried, 
stop the contractions of the heart when they are introduced 
into the blood in any considerable quantity. 

Our author goes on to say that, if the presence of the salts 
of soda in the blood do not stop the irritability of the heart, 
it determines other perturbations which cause these salts to be 
ranked as the most rapidly fatal poisons. If a solution of one 
of these substances be injected into the jugular vein of a dog, 
the arrival of the blood to the left heart, is hindered in about 
six seconds although the contractions of this entrail do not 
cease. At the same time the blood accumulates in the right 
heart and in the veinous system, producing on the partitions 
of the veins a pressure capable of balancing a column of mer- 
cury two inches in length. This pressure re-acting on the 
sides of the ventricules of the brain, as on all the other parts 
of the veinous system, must produce on the encéphale a de- 
gree of compression quite sufficient to account for the sudden 
death which happens, to animals subjected to experiment, 
thirty or forty seconds after the injection of the poison in the 
veins. 

After death the heart still preserves its contractibility ; but 
so powerful is the obstacle which the capillaries of the lungs 
oppose to the passage of these substances over their calibers, 
that it has sometimes been impossible to find the slightest 
trace of them in the left heart. If the quantity of the salt 
introduced in the vein is not sufficient to completely stop the 
passage of the blood over the lungs, their action on the 
capillaries is still demonstrated by the augmentation of the 
bronchic secretion, of which the quantity is increased so as to 
cause the animal to perish of lethargy after having filled the 
aerial ways. 

The phenomena which follow the injection of the second 
class salts in the veins are very different from those we have 
described above. The deepest method of studying their 
action, consists in injecting them in the veins of an animal 
whose thorax has previously been opened, and upon which 
the artificial respiration is practiced; from seven to ten se- 
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conds after the injection, we perceive the movements of the 
heart cease, and the irritability of this entrail so completely 
destroyed, that however small the dose of poison has been, 
the application even of the two poles of the pile, some seconds 
after death, is insufficient to reproduce the contractions of the 
heart. Death does not follow with so much rapidity as when 
the pulmonary circulation is stopped, for we see the sensibility 
and respiration continue from two to three minutes, after the 
pulsations of the heart have ceased. 


X XI.— Proceedings of the American Philosophical 
Society. November and December, 1839. 


The committee, consisting of Dr. Bache, Dr. Patterson, 
and Mr. Booth, to whom the paper of Doctor Hare, read at 
the last meeting of the society, was referred, entitled, Des- 
cription of an Apparatus for deflagrating carburets, phosphu- 
rets, or cyanides, in vacuo, or in an atmosphere of hydrogen, 
between electrodes of charcoal; with an account of the results 
obtained by these and other means, especially the isolation 
of calcium, and formation of a new fulminating compound, 
By R. Hare, M. D., Professor of Chemistry in the University 
of Pennsylvania,” reported in favor of publication in the 
Societys ‘Transactions: The publication was ordered accord- 
ingly. 

“the apparatus is of a convenient construction for the pur- 
poses designated in the title of the paper. ‘The lower elec- 
trode or cathode is a parallelopipedon of charcoal, on which 
the body is placed, to be subjected to the influence of one or 
more batteries; and tubes with valve-cocks, communicating 
with an air pump, a barometer-gauge, and a reservoir of 
hydrogen, open into the interior of a ground plate, on which 
a bell-glass is fitted, air tight. In the experiments of the 
author, an equivalent of lime was heated with one equivalent 
and a half of bicyanide of mercury, in a porcelain crucible, 
enclosed in the dab made for this purpose, and described 
in a former paper. The weight of the residue was such 
as would result from the union of an equivalent of calcium 
with an equivalent of cyanogen. This was then subjected 
to galvanic action on the cathode of the apparatus, the 
anode being brought in contact with it, and the result 
was the production of masses on the charcoal, having a 
metallic appearance. f 

Phosphuret of calcium, exposed in the same manner in the 
5 circuit, left pulverulent matter which effervesced 
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in water, and, when rubbed on porcelain, appeared to 
contain metallic spangles, which were rapidly oxidized in 
the air. 

In one experiment, particles of charcoal, apparently fused 
or resembling plumbago, dropped from the anode. 

After heating lime with bicyanide of mercury, the mass 
was dissolved in acetic acid, in which nitrate of mercury pro- 
duced a copious white precipitate, that detonated under the 
hammer like fulminating silver. ; 


On a New Compound of Deutochloride of Platinum, Nitric 
Oxide, and Hydrochloric Acid. By Henry D. Rogers, 
Professor of Geology in the University of Pennsylvania, 
and Martin H. Boye, Graduate of the University of 
Copenhagen. 


This substance is procured by dissolving platinum in an 
excess of nitromuriatic acid, and evaporating nearly to dry- 
ness; after which it is treated with aqua regia, freshly prepared, 
from concentrated hydrochloric and nitric acids. A little 
water is afterwards added, drop by drop, just sufficient to 
keep the chloride of platinum dissolved, when the compound 
will remain in the form of a gamboge yellow powder. It is 
then separated by decanting and filtering, and pressed between 
the folds of bibulous paper, and dried in vacuo over sulphuric 
acid. 

The precipitate is a yellow, minutely crystalline powder, 
which absorbs water with great avidity. It may be preserved, 
without decomposition, in dry air, or in vacuo. It is decom- 
posed by water, alcohol, &c., with extrication of nitric oxide, 
chloride of platinum remaining in solution. A concentrated 
solution of chloride of platinum has, however, no action on it. 
Heated in an 5 by hydrogen, it gives, off a large 
amount of chloride of ammonium, leaving a residuum of 
metallic platinum. 

Ana.ysis.— The salt analysed, was prepared and kept in the 
manner described. Heated to the temperature of 212° F., it 
does not part with any of its water of combination. For esti- 
mating the amount of platinum and chlorine, the salt was 
fused with carbonate of potassa, &c., and the platinum, thus 
obtained, weighed by itself, and the chlorine precipitated from 
the solution by nitrate of silver. 

The quantity of nitric oxide was determined by introducing 
a portion of the salt into a graduated tube, inverted over 
mercury, and decomposing it by letting up the requisite pro- 
portion of water. 
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The mean of a series of experiments, varied in different 
ways, gave 
Platinum, - 41.26 per cent. 
Chlorine, - 43.89 „ 
Nitric oxide 4.98 „ 


The above results correspond to five atoms of bichloride 
of platinum ; five atoms of hydrochloric acid, and two atoms 
of nitric oxide. The water was calculated from the loss, in 
the analysis, to be equivalent to ten atoms. 

Respecting the chemical nature of this compound, it may 
be regarded, either as a chloride of platinum, with a muri- 
ate of nitric oxide, represented by the following formula, 
(Pt CI) $ + (Cl H)* + (NO?)?] + 10 Aq, or as a double 
chlorosalt, a chloroplatinate of nitrogen, with a chloroplatinate 
of hydrogen, represented by the formula, [(Pt CI“) 2＋ N CF)? 
+(Pt CP + HCl)+14 Aq. 


Hall of the American Philosophical Society. 
PHILADELPHIA, December, 1839. 
To the Hon. JoeL R. Poinsett, Secretary of War, &c. &c. 


Sir :— The undersigned have been appointed a committee 
of the American Philosophical Society, to call your attention 
to, and invite, through the medium of your department, co- 
operation in, the extensive system of magnons and meteoro- 
logical observations about to be made under the direction of 
the British Government, and in connexion with their Antarctic 
expedition, particularly directed towards magnetic investiga- 
tions. 

The science of terrestial magnetism has of late years made 
great advances, through the instrumentality of Humbolt 

ansteen, Gauss and others, and has now reached that point 
where a system of combined observations at widely distant 
points over the surface of the globe, appears to be necessar 
to its further progress : desultory effort has already done all 
that it is competent to effect. Such a series of systematic 
observations has now been set on foot by the British Govern- 
ment, directed to a better determination of the magnetic lines, 
for the use of navigators, and to the accurate investigation of 
the magnetic elements for theoretical purposes. The objects 
embraced are the measurement of the magnetic intensity, dip, 
and variation, at different stations, by a nautical expedition, 
and at fixed observatories, and especially the investigations of 
the variations of these elements at the latter points. As sub- 
sidiary to these objects, combined meteorological observationg 
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are to be made, which cannot fail to elucidate some of the 
most important questions in this useful science. 

The magnetic changes to be investigated are of three kinds : 
first, those which, depending upon a cause not yet satisfac- 
torily explained, take place slowly but regularly, causing a 
general displacement of the lines of equal variation and dip ; 
secondly, those which, depending upon the position of the 
sun, run through their period of change in a year or day, 
producing different values in the magnetic elements, aceordin 
to the season or to the hour of the day ; and thirdly, the arial 
disturbances which appear to be constantly taking place, and 
which require for their measurement continued observation 
with the most accurate instruments. 

The striking fact was proved in 1818, by the observations 
of Arago, at Paris, and of M. Kupffer, at Kasan, that the 
large changes which take place in the position of the horizon- 
tal needle during the day, are simultaneous at these places, 
so distant from each other; and a confirmation of the fact as 
applying to even more distant stations, resulted from the 
system of observations established by Humboldt and others 
in 1830, and extended, through the influence of the Imperial 
Academy of Sciences of St. Petersburg, to the most remote 
parts of the Russian empire, and even to Pekin. In 1834, 
the celebrated German philosopher Gauss, invented an in- 
strument for measuring the variation of the needle and its 
changes, which introduced into these determinations an ac- 
curacy similar tothat attainable in astronomical measurements. 
This instrument was soon furnished to different observatories, 
and a concerted system of observations of the minute changes 
of variation was introduced, which is now going on at no less 
than twenty-three places in Europe, the smaller and larger 
states having vied with each other in providing the means of 
executin (bem. The stations include Altona, Augsburg, 
Berlin, Bonn, Brunswick, Breda, Breslau, Cassel, Copen- 
hagen, Cracow, Dublin, Freyberg, Göttingen, Greenwich, 
Halle, Kasan, Leipsic, Marburg, Milan, Munich, Naples, 
St. Petersburg, and Upsala. ` 

The results already obtained and published by the German 
Magnetic Association, have proved satisfactorily that the 
minute changes in the direction of the needle, as well as the 
larger ones, are simultaneous at the different stations, varying 
however in amount, and the variation appearing to decrease 
in passing southward ; but the influence of the position of the 
place, whether depending upon „ or magnetic 
position, not having yet been fully determined, and being 
probably determinable only by observations at places even 
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more distant from each other than those now embraced in the 
German series. 

The invention of an instrument by Gauss, for determining 
the changes in horizontal magnetic intensity with the same 
accuracy as those of the direction of the needle, will give rise 
to interesting developments in regard to them; and the 
changes of the three elements of . direction, and 
horizontal and vertical intensity are all ineluded by the two 
instruments before referred to, and a third invented by Pro- 
fessor Lloyd, of Dublin. It is the object of the series now 
projected, to embrace these three elements; to extend the 
number of stations with special reference to their distribution 
at points of the earth interesting in their magnetic relations; 
to keep up a constant series of simultaneous observations for 
three years; and thus to effect, on an extended scale, what 
the German Magnetic Association has so well begun. The 
execution of this plan, with observations of an appropriate 
kind, directed also to magnetic research, by a nara expedi- 
tion, was recommended to the British Government by the 
members of the British Association, including men of science 
from different countries, in 1838. It subsequently received 
the sanction of the Royal Society of London, was adopted by 
the Government, and is now in course of execution. It may 
be considered, therefore, to have been approved by the highest 
scientific authorities. In pursuance of this plan, stationary 
observatories are to be established, and regular observations 
made, for the next three years, at Toronto in Upper Canada, 
at St. Helena, at the Cape of Good Hope, and at a station in 
Van Dieman’s Land. The East India Company have also 
undertaken to furnish the means of observation at nine points 
m their dominions. European Governments, who have not 
hitherto joined in the German system, with which this will be 
in connexion, have also promised similar aid. It is this ex- 
tended scheme, to which our attention has been specially 
invited by circular from the Royal Society of London, and in 
which the American Philosophical Society desires that our 
country should co-operate. It is on a broad scale, worthy of 
all encouragement, and the magnitude of the scheme, the 
objects for which it is undertaken, and the possibility of its 
55 all mark the character of the period in which we 

ve. 

The Society would propose, in furtherance of this plan, 
that five magnetic observatories should be established in the 
N. E., N. W., S. E., S. W., and at some central point of the 
United States, furnished with the instruments and observers 
necessary, fully to carry out the proper plan of combined 
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magnetic and meteorological observations. Should the pro- 
position to make this co-operation truly national, be acceded 
to, the details in relation to it can easily be arranged, and the 
Society will, the undersigned confidently believe, feel proud, 
to lend any aid in their power, in planning or executing them. 
It may perhaps be more satisfactory however, to state briefly, 
beforehand, the nature of the observations to be made, and 
the means required for their execution. 

The magnetic observations to be undertaken at the fixed 
observatories are, first, of the variation (declination), absolute 
horizontal intensity and dip; second, of the changes of the 
variation of the horizontal intensity, and of the vertical inten- 
sity. The regular observations for changes in these elements, 
are to be made every two hours every day, (with the exception 
of Sundays,) for the next three years, beginning as soon as 
the several observatories can be arranged. To these are to 
be added more frequent observations on one day of each 
month, including the four terms during the year, fixed 
by the German Magnetic Association. At ancl station, a 
building of stone or wood will be required, in the construction 
of which no iron must be employed. The instruments 
adopted by the British observers are the following: A mag- 
netometer for the declination, one for the horizontal force, 
one for the vertical force, a dipping needle, azimuthal transit, 
two reading telescopes, and two chronometers. The estimated 
cost of each set of these, is about fourteen hundred dollars. 
The cost of the observatory must vary with the place at which 
it is erected, and the material chosen for it, but may be esti- 
mated at from one thousand to fifteen hundred dollars. One 
principal and three assistants will suffice for making and 
reducing the observations at each station, and for carrying on 
a supplementary series of meteorological observations. ‘The 
meteorological observations proposed, are on the pressure, 
temperature, and moisture of the air; on the direction and 
force of the wind; on the quantity of rain; on the temperature 
of the ground at different depths; on solar and terrestrial 
radiation; besides a few miscellaneous and occasional obser- 
vations, not necessary to be here stated. Regular observations 
are to be made on these points, four times every day, and 
every hour on one day in each month. The instruments 
required at each station, are a barometer, a standard thermo- 
meter, a Maximum and minimum thermometer, a hygrometer, 
an anemometer, several extra thermometers, an actinometer, 
and an apparatus for atmospheric electricity. The probable 
cost of each set of these would not exceed two hundred and 
fifty dollars. The value of the results would be much increased, 
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by providing a self-registering anemometer and rain-gauge, 
instead, of the common ones, which would increase the cost 
of each set of instruments to five hundred and seventy dollars. 
The whole cost of erecting the five observatories, and providing 
them with excellent instruments, will probably not exceed 
sixteen thousand dollars; and if the observatory already 
existing at Philadelphia, and provided with the necessary 
instruments, should be adopted as one of the five, and four 
others be erected and furnished, the expense to the United 
States would not exceed twelve thousand dollars. 

No estimate is made of the cost of the principal and as- 
sistants for the proposed observatories. In the organization 
of the new British stationary observatories, these persons are 
taken, in part, if not altogether, from the officers, non- com- 
missioned officers, and privates of the artillery. The acquire- 
ments of the graduates of our Military Academy, admirably 
fit them for directing the observatories, which might be appro- 
priately placed at military posts; so as to provide the officers and 
men necessary for making the observations, without additional 
expense. ‘The direction thus given to the views of the com- 
mittee; the fact that you have long been enrolled as a 
member of the American Philosophical Society; and the 
interest which you have always manifested, both as an indi- 
vidual and in a public capacity, in all enterprises calculated to 
shed a lustre upon your country, have induced the Society to 
direct us to address ourselves particularly to you on this 
subject. 

With the hope that your views may coincide with those of 
the Society, in regard to the plan now presented for your 
consideration, we are, very respectfully, yours, 

A. D. BACHE, 

R. M. PATTERSON, 

JosEPH HENRY, Committee. 
J. K. Kane, 

Jos. G. Totten, 


On the Congelation of Water by the Evaporation of Ether. 
By Dr. Hare. 


For effecting the congelation of water by the evaporation 
of ether, it had been usual to expose a bulb, containing water 
and moistened by the ether, to acurrent of air. Recently Dr. 
Hare had succeeded far more satisfactorily by exposing a 

uantity of water, twenty times as large as that usually em- 
ployed, covered by ether ina capsule to a blast of air, pro- 
ceeding from a vessel in which it had been condensed by a 
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pressure equal to one or two atmospheres. By these means, 
the freezing of the water might be seen by five hundred 
spectators. | 

Having mentioned that the pure hyponitrous ether recently 
obtained, caused a cold of 15° by its evaporation, it would of 
course be inferred, as he had found to be the fact, that this 
last mentioned ether might be advantageously employed. 

When hydric ether is employed, it should not exceed 730 
in specific gravity. 

Dr. Hare further said, that it would probably be remem- 
bered, that about two years since, he had published an 
account of a new process for freezing water by the evapora- 
tion of ether, caused by a diminution of atmospheric pressure. 
In the process then 3 concentrated sulphuric acid 
was interposed between the retort holding the water and ether, 
and the air pump. Since that time he had rendered the pro- 
cess more rapid and interesting by interposing an iron mereury 
bottle, with two cocks between the receiver holding the acid 
and the pump. The ether and water were introduced into the 
retort. The beak of the retort, properly bent, entered the 
receiver, through the tubulure to which it was luted. The 
beak was of such a length and curvature, as to cause its ori- 
fice to be below the surface of the acid. The neck of the 
receiver communicated with the cavity of the bottle, that of 
the bottle with the pump. The apparatus being thus arranged, 
the bottle was exhausted, and the cock, communicating with 
the pump, closed. Under these circumstances, on opening 
a communication between the bottle and receiver, the pressure 
in that vessel and in the retort was so much reduced as to 
cause the instantaneous ebullition of the ether, so that little, 
if any subsequent aid, was required from the pump. But the 
result which gave increased interest to the process, was the 
inconceivable rapidity with which the acid, under these cir- 
cumstances, absorbed the ethereal vapor, which it appeared 
to do with greater avidity as the process advanced. 

In fact, the water, in the act of congealing, flew all over 
the inner surface of the retort, in consequence of an explosive 
evolution of ethereal vapor, generated amid the aqueous 
particles. The congelation of the water was rendered evident 
to the ears as well to the eyes of his class of more than three 
hundred students. 

Dr. Hare said, it did not appear to him that sufficient 
attention had been paid by artists or men of science, to the 
great difference which existed between the effect upon glass 
of heating it by radiation and by conduction. When exposed 
to radiant heat alone, unaccompanied by flame, or a current 
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of hot air, glass is readily penetrated by it, and is heated, 
within and without, with commensurate rapidity; but in the 
case of its exposure to an incandescent vapour or gas, the 
caloric could only penetrate by the process of conduction ; 
and, consequently, from the inferior conducting power of glass, 
the temperature of the outer and inner portions of the mass 
would be so different, as by the consequent inequality of ex- 
pansion to cause the fracture, which was well known, under 
such circumstances, to ensue. 

The combustion of anthracite coal, in an open grate, in his 
laboratory, having four flues of about 4.12 by 2.12 inches 
each, in area, just above the level of the grate (the upper 
stratum of the fire, having nothing between it and the ceiling, ) 
had allowed him to perform some operations with success, 
which formerly he would have considered impracticable. The 
fire having attained to that state of incandescence to which 
it easily arrives when well managed, he had, on opening a 
hole by means of an iron rod, so as to have a perpendicular 
5 extending to the bottom of the fire, repeatedly 

used the beaks of retorts of any capacity, not being more 
than three gallons, causing them to draw out, by the force of 
gravity, into a tapering tube; so that, on lifting the beak 
from the fire, and holding the body of the retort upright, the 
fused portion would hang down so as to form an angle with 
the rest of the beak, or to have any desired obliquity. By 
these means, in a series of retorts, the beak of the first might 
be made to descend through the tubulure of a second; the 
beak of the second through that of a third, and so on; the beak 
of the last retort in the row being made, when requisite, to enter 
a tube passing through ice and water in an inverted bell-glass. 

By means of the anthracite fire, as above described, thick 
rods, as well as stout tubes, might, as he had found, be 
softened and extended, or bent into suitable forms. 

The lower end of a green glass phial, such as is used 
usually for Cologne water, might be made to draw out into a 
trumpet-shaped extremity. A Florence flask might be heated, 
and made fat, so as to answer better for some purposes. 
The drawing out of tubes into a tapering form, suitable for 
introducing liquids through retort tubulures, was thus easily 
effected; and in all cases the sealing of large tubes was better 
commenced in this way, although the blowpipe might be 
necessary to close a capillary opening which could not be 
closed by the fire. 

Dr. Hare further communicated a method of preparing 
pure chlorohydric acid, from the impure muriatic acid of com- 
merce, by the action of sulphuric acid. 

VoL. V.—No. 26, August, 1840. 
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It is known, said Dr. Hare, that concentrated sulphuric 
acid, when added to liquid chlorohydric acid, expels more or 
less of it as a gas, in consequence of its superior affinity for 
water. At the present low price of the ordinary acid of com- 
merce, Dr. Hare had found it advantageous to procure the 
latter in purity, by subjecting it to the former. 

A tubulated glass retort, having been half filled with chlo- 
rohydrie acid, sulphuric acid was allowed to drop from a glass 
funnel, with a cock, into a tube descending into the acid in 
the retort through the tubulure, to which it was luted by strips 
of gum-elastic. The tube terminated in a very small bore. 
The beak of the retort, bent in the fire, as he had just 
described, descended through the tubulure into the body of a 
small retort containing water not refrigerated. The beak of 
the latter descended into a larger one, half full of water, to 
which ice was applied. Of course the beak of the third might, 
in like manner, enter the body of a fourth. After an equi- 
valent weight of sulphuric acid bad been introduced, and the 
evolution of gas was no longer sufficiently active, heat might 
be applied until nearly all the chlorohydric acid should come 
over. 

_ The residual diluted sulphuric acid was, with the addition 
of nitrate of soda or potassa, or nitric acid, as serviceable 
for galvanic purposes, as if it had not been thus used. 

Dr. Hare further communicated a method of preparing 
hydrochloric acid and chlorine in the self-regulating reservoir 
invented by him, and spoke of some of the applications of 
the gases thus prepared. 

Dr. Hare was under the impression that few chemists were 

aware of the great advantage of the self-regulating reservoirs 
of gas, to which he had resorted. He was enabled, by means 
of them, to keep hydrogen, carbonic acid, nitric oxide, chlo- 
rine, chlorohydric acid, sulphydric acid, and arseniuretted 
hydrogen, so as to use any of these gases at pleasure. He 
had kept these reservoirs in operation for months, without 
taking the constituent vessels apart. 
By means of the reservoir of chlorohydric acid he had been 
encouraged to make an effort which proved successful; to 
form artificial camphor by the impregnation of oil of turpentine 
with that gas. | | 

Subjecting an ingot of tin to a current of chlorine from his 
reservoir, it was rapidly converted into the bichloride, or fuming 
liquor of Libavius. To his surprise the ingot was fused by 
the heat generated. In the last mentioned reservoir, the ma- 
-terials were manganese, in lumps, and concentrated chloro~ 
hydric acid, diluted sulphuric acid being also introduced; as 
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the reaction of this last mentioned acid with the manganese 
was more active than that of the chlorohydric acid. In fact, 
sulphuric acid, diluted with its weight of water and common 
salt, might be used without chlorchydric acid. In the reser- 
voir for chlorohydric acid, the materials were sal ammoniac 
and sulphuric acid, to which some water was added, but not 
so much as to prevent the chlerohydric acid from assuming 
the gaseeus state. 

He had found it preferable to keep the sulphydric acid 
reservoir ina flue, the gas being drawn, when wanted, through 
a globe of water, by means of a leaden tube, at a convenient 
place. It would be desirable that the reservoirs of chlorine 
and chlorohydric acid should be similarly situated. 


XXII—MISCELLANEOUS ARTICLES. 
Wreck of the “ Royal George.” 


The great explosion announced on the 16th instant took 
place on the 22nd, being the same day, and very little later 
than the hour stated. The effect was beautiful, and the in- 
tention of firing it having been generally known, it was wit- 
nessed by a vast nuinber of spectators, notwithstanding that it 
blew a stiff breeze, which deterred many from going out to 
Spithead. The morning was very fine, but doubts were enter- 
tained whether the high wind might not prevent the operation, 
until eight o'clock, when the red flag was hoisted from all the 
Royal George flotilla—namely, the Success frigate hulk, and 
the two lumps usually moored over the wreck, one of which, 
No. 4, was removed about 60 yards to the westward, whilst the 
other remained over the spot intended for the explosion. As 
soon as these flags were seen, it was know that the operation 
would be attempted, at the afternoon slack. In the mean 
time, Lieut. Symonds, the executive engineer, according to 
a plan preconcerted between him and Colonel Pasley, sent 
down Mr. George Hall, the diver, who placed first a charge of 
47lb., and afterwards another of 260lb. of powder, on the spot 
originally occupied by the main hatchway on the orlop deck, 
which were fired successively by Professor Daniell’s voltaic 
battery, as soon as he came up, the second charge being placed 
in the hole made by the first. The object of these charges, 
which were fired at the morning slack, was to make a deep 
crater or hole for the great charge proposed to be fired at the 
afternoon slack. Colonel Pasley came out about one o'clock, 
and at half-past one the great cylinder, loaded with 254 
barrels, or nearly 2, 300lb. of gunpowder, with the voltaic con- 
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ducting apparatus attached to it, was raised out of a launch 
alongside by the derrick of No. 5, lump, and lowered into the 
water so as to rest a little above the surface, where it remained 
suspended by the bull-rope of the derrick. Hall was then 
sent down, and made fast a down haul rope with a single 
sheave block to a solid piece of timber, which he found at the 
bottom of the crater produced by the morning’s explosion. 
He came up, and handed over the end of this rope, which was 

attached to the cylinder, to which a couple of pigs of ballast 
were added, to make it sink more easily; after which it was 
lowered from No. 5 lump, and accompanied in its descent by 
Hall, who had a line attached to it in his hand, and who made 
signals to the men above, either to lower or occasionally to 
raise, or to move the cylinder to the eastward or westward, as 
required, until he guided it into its proper place, where he 
lashed it to the timber before-mentioned. At about a quarter 
past two o’clock he came up, and reported that it was properly 
placed. Whilst being lowered, the voltaic conducting appa- 
ratus attached to the cylinder was veered out, and the other 
end of it was taken on board No. 4 lump, and placed near the 
voltaic battery, where Lieutenant Symonds now stationed him- 
self. No. 5 lump was then removed to the distance of 70 or 
80 yards to the southward of the spot where the cylinder 
had been let down. All being now ready, Colonel Pasley, 
who remained in that lump, ordered his bugler first to sound 
the “preparative,” and in about a minute afterwards “ the 
fire.“ At that moment Lieut. Symonds completed the circuit 
with the voltaic battery, and an immediate explosion took 
place, the shock being felt and the report heard at the same 
instant. In a few seconds afterwards the surface rose three or 
four feet in a circle of moderate size, from the center of which 
almost immediately afterwards, a splendid column of water at 
least 50 feet high, and of a conical form, was thrown up, 
beautifully sparkling in the sun, which was hailed by the 
hearty cheers of all the workmen employed, as well as the nu- 
merous spectators, and soon after several large fragments of the 
wreck came floating up to the surface, which proved to be the 
lower part of the main-mast. The form of the column of 
water was not so regular as on former occasions, owing to the 
strong wind which acted upon it. When it fell down again, 
clear circular waves spread outwards from the same centre, 
making a great commotion at the surface, and causing No. 4 
lump, which was nearest to the explosion, to pitch a good deal. 
Soon after this the mud from the bottom came up, blackening 
the same circle of water, which spread outwards, discoloring 
the surface as it extended, and at the same time stilling the 
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swell of the sea for a space of perhaps 200 yards in diameter. 
A great number of small fish came up dead, as on former 
occasions, which were picked up by the boatmen. More than 
50 yachts or large sailing boats came out, whose decks were 
covered with spectators, among whom were a great number of 
ladies. The two admirals and the general commanding the gar- 
rison, with a great number of naval and military officers, and 
most of the officers of the dockyard, with their families, were 
present, many of whom went on board the two lumps to have a 
better view of the operations. The deck of the Success frigate 
was also crowded with spectators. The Bishop of Norwich, 
the Astronomer Royal, and the Russian Consul-General were 
present. 

The cylinder used on the 22nd was of wood with iron hoops, 
like a mooring buoy, made by Mr. Harding, the master capstan 
maker, in Chatham dockyard, and protected by two coats of 
canvass and several coats of a waterproof composition discovered 
by Sergeant-Major Jones, which by numerous experiments 
tried to compare it with other compositions, by order of 
Colonel Pasley, was found to be far superior to any in former 
use, as it combines absolute resistance to the greatest pressure 
of water with a certain degree of elasticity that does not allow 
it to crack. This skilful and zealous officer and a party of 
Royal sappers and miners have been most useful in all the 
operations, and since one of the three excellent professional 
divers engaged was obliged to give up on account of ill-health, 
Corporal Harris has supplied his place, and made himself 
much more useful in that capacity than could have been ex- 
pected from so short an apprenticeship, for he has only worked 
two weeks in this department. Besides the divers, whose ser- 
vices are of the most essential importance, the dockyard rig- 
gers under Mr. Clewitt, of Portsmouth, and James Chapman, of 
Chatham yard, have given the greatest satisfaction, as well as 
the naval pensioners, about 40 in number, most of whom were 
petty officers, and who, though all middle-aged or elderly men, 
have been extremely zealous and efficient. The Lively sailing 
lighter, commanded by Mr. Harfield, goes backwards and for- 
wards continually, and the seamen belonging to her are kept 
in constant employment in taking on board or landing the 
timbers and guns recovered from the wreck, of the former of 
which an immense pile has been deposited in Portsmouth dock- 
yard. The whole is superintended by Lieut. Symonds with 
great skill and indefatigable activity, who carries on the work 
at every slack tide, except when it blows a gale approaching 
to a hurricane, that is, always twice, and sometimes three times, 
a day, according to the moon’s age, and never goes on shore 


158 Miscellaneous Articles. 


but on Sundays. Col. Pasley usually goes out to Spithead 
once a day, except when his duty requires him at Chatham, 
where he passes about half his time. The massy oak timbers 
upon which the foremast and mizenmast were stepped, the 
after-part of the keel, the whole sternpost and dead wood over 
it, and an immense mass of the starboard bow, which rested on 
the keel, weighing more than 30 tons, and which was knocked 
down about eight months ago by the last great explosion of 
1839, having been got up this season, together with the heel 
of the mainmast having been disengaged from its step by the 
great explosion which we have just described—these circum- 
stances shew that the demolition and removal of wreck have 
extended nearly to the bottom of the vessel, and also prove 
that the mud has no tendency to accumulate, but is cleared 
away by the action of the tides, in proportion as the upper 
parts of the wreck are demolished and removed. The effect 
of the last explosion could not be ascertained, as the tide ran 
too strong for Hall, the diver, who went down again after it, 
to quit his ladder, but it is presumed that it will have blown 
out the larboard side of the wreck, and that it will have broken 
up timbers in all directions, probably fracturing not only the step 
of the mainmast, but the kelson and keel below it. The star- 
board side opposite was shattered and thrown down by the first 
great explosion of 1839. Upon the whole, though opinions 
were very much divided at first, and perhaps generally unſa- 
vorable, there seems every reason to hope, that before the end 
of the season the whole of the wreck of the Royal George will 
have been sufficiently removed to enable vessels to anchor over 
the spot without incurring the risk of losing their anchors and 
cables. Ifso, probably the Government may be induced to 
remove the wreck of the Edgar also, from which Lieut. Symonds 
recovered five iron guns during Col. Pasley’s last official visit 
to Chatham, the surface of which, after an immersion of 129 
years, proved to be converted into very soft carburet of iron 
or plumbago to a considerable depth, on removing the mass of 
oysters, &c., with which they were incrusted. These guns are 
remarkable for being much thicker at the breech and thinner 
at the muzzle than guns of the same calibre of more modern 
construction, from which the iron guns recovered from the 
Royal George differ very little. 


The Atmospheric Railway Carriages. 


It is upwards of a year and a half since we described the 
experiment made by Mr. Clegg, in the borough, on the mode 
of propelling carriages by means of exhausting a pipe, or tube, 
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with which the carriages were connected, and then admitting 
the atmospheric air, and, as it were, forcing the carriages or 
train along, and thus superseding the necessity of gas or any 
other power for the conveyance of a train along a rail or tram- 
road. These experiments were very successful; indeed, so 
successful, that few persons had any doubt about the ultimate 
success of the principle of the invention. On ‘Thursday the 
experiments were exhibited on a large scale, on a railroad 
which connects, or is intended to connect, the line of the Bir- 
mingham, the Bristol, and the Thames Junction Lines, com- 
mencing within a short distance of Shepherd’s Bush, and 
running in a westerly direction for about three quarters of a 
mile. ‘Ibe carriage put in motion, with the persons on it, 
did not weigh much less than 12 tons; but it travelled with 
great ease at the rate of 25 miles an hour. The exhaustion 
ipe, or tube, laid down, which was not the propelling agent, 
but the means of development, was about 9 inches indiameter. 
The engine by which it was exhausted namely, a pump, 
worked by steam rendered it fit for the operations required 
in about two minntes and a half; and from the index, that is 
quicksilver, employed at the termini, it was ascertained that 
the operation was performed simultaneously at both ends of 
the line. There was no noise, no smoke, and, what is better, 
no danger of explosion, or of a power which could not be 
governed. In short, the A was as successful as its 
most warm well-wishers could expect, and shewed that the 
agency of steam is not a sine quá non on a railroad. Without 
going into the minute history of railroads, it may be as well 
to say, that this power may be applied to any railroad at a 
saving of about 70 per cent.; and that it is of sufficient force 
to preclude the necessity of tunnelling. It is applicab'e to 
almost any gradients. ‘The experiments were attended by a 
great number of the nobility, and by many scientific men. 
The Archbishop of Canterbury, Lords Charleville, Rodstock, 
and Prudhoe, the Marquis of Douro, Lord Howick, and Lord 
Stuart de Rothsay, &c. were on the ground, and expressed 
their satisfaction at the result of the experiments.— Times. 


Frog found in Coal. 


On Wednesday morning, as two colliers, George Ross and 
James Gardner, were in one of the rooms of the Old Muir- 
field Pit, at Gargieston, they found a living frog embodied in 
the solid seam of coal, at least twelve fathoms beneath the 
surface of the earth. The nich in which it had lived was 
perfectly smooth inside, of the exact shape of the frog, and 
1 7 
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without a crack or crevice to give admittance to air. The 
hind legs of the animal are at least a third longer than usual, 
the fore legs shorter, the toes longer and harder, and its gene- 
ral colour is of a bronze hue. It leaped briskly about, the 
moment that it was excavated from its narrow cell. How 
many centuries it has been shut out from light and air, and 
entombed in its dreary dormitory, it is impossible to say—cer- 
tain it is, that, although diminutive in form, and with great 
brilliancy of eye, it has a most antediluvian aspect.— Scotch 
paper. 


On the separation of Lime from Magnesia, and on the Assay 
of Gold. By Lewis Tuompson, Esq. M. R. C. S 


To separate Lime from Magnesia. 


Dissolve the combined earths in dilute nitric or muriatic 
acid, and precipitate the filtered solution by means of an excess 
of carbonate of soda; dry the precipitate, and place it in a 
coated green glass tube, so disposed that the whole can be 
heated to a dull red heat; when red hot pass a current of 
well-washed chlorine through the tube for a few minutes: the 
lime will be converted into chloride of calcium, but the mag- 
nesia remains unacted upon. When the whole is cool, remove 
the mass from the tube and boil it for a minute or two in 
water, filter the liquid and wash the insoluble portion (which 
is magnesia) with water, and precipitate the lime from the 
mixed liquors by carbonate of soda. The heat should not 
exceed a dull red, as the mass is apt to become vitrified at 
the part which touches the tube, and this renders it difficult 
to remove the contents. 


To Assay Gold. 


Take six grains of the gold to be assayed and place in a 
small crucible, with fifteen grains of silver, and from eight to 
twelve grains of chloride of silver, according to the supposed 
impurity of the gold; lastly add fifty grains of common salt 
cee e of sodium) reduced to fine powder so as to prevent 

ecrepitation ; fuse the whole together for five minutes, and 
allow it to become cold; then take out the metallic button 
and beat it into a thin plate, and subject it to the action of 
dilute*nitric acid as in the ian mode of parting. By ts 
plan the tedious process of cupellation is avoided, the baser 
metals being wholly removed by the chlorine of silver, an 
their place supplied by pure silver, 
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J ix. Disruptive discharge continued—Insulation— Spurt. 
Brush— Difference of discharge at the positive and negative 
surfaces of conductors. 


1392. When a spark had passed at either interval, then, 
generally, more tended to appear at the sume interval, as if a 
preparation had been made for the passing of the latter spark. 
So also on continuing to work the machine quickly the sparks 
generally followed at the same place. ‘This effect is probably 
due in part to the warmth of the air heated by the preceding 
spark, in part to dust, and I suspect in part to something 
unperceived as yet in the circumstances of discharge. 

1393. <A very remarkable difference, which is constant in 
its direction, ovcurs when the electricity communicated to the 
balls s and S is changed from positive to negative, or in the 
contrary direction. It is that the range of variation is always 
greater when the small balls are positive than when they are 
VoL. V.—No. 27, September, 1840. K 
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negative. This is exhibited in the following Table, drawn 
from the former experiments. 


Pos. Neg. 

In Air the range was . . 0°19 0-09 
Oxygen © . 0°19 0:02 
Nitrogen . O13 0˙11 
Hydrogen 014 0:05 
Carbonic acid. . . . 0°16 0°02 
Olefiant gas . . 0:22 0:08 
Coal gas . . 024 0°12 
Muriatic acid. . 0°43 0:08 


I have no doubt these numbers require considerable correction, 
but the general result is striking, and the differences in several 
cases very great. 

1394. Though, in consequence of the variation of the 
striking distance (1386.), the interval in air fails to be a 
measure, as yet, of the insulating or resisting power of the 
gas in the vessel, yet we may for present purposes take the 
mean interval as representing in some degree that power. 
On examining these mean intervals as they are given in the 
third column (1388.), it will be very evident, that gases, 
when employed as dielectrics, have peculiar electrical rela- 
tions to insulation, and therefore to induction, very distinct 
from such as might be supposcd to depend upon their mere 
physical qualities of specific gravity or pressure. 

1395. First, it is clear that at the same pressure they are 
not alike, the difference being as great as 37 and 110. When 
the small balls are charged positively, and with the same 
surfaces and the same pressure, muriatic acid gas has three 
times the insulating or restraining power (1362.) of hydrogen 
gas, and nearly twice that of oxygen, nitrogen, or. air. 

1396. Vet it is evident that the difference is not due to 
specific gravity, for though hydrogen is the lowest, and 
therefore lower than oxygen, oxygen is much beneath 
nitrogen, or than olefiant gas, and carbonic acid gas, though 
considerably heavier than olefiant gas or muriatic gas, is 
lower than either. Oxygen as a heavy, and olefiant as a light 
gas, are in strong contrast with each other; and if we ma 
reason of olefiant gas from Harris's results with air (1365.), 
then it might be rarefied to two-thirds its usual density, or to 
a specific gravity of 9'3 (hydrogen being 1), and having 
neither the same density, nor pressure as oxygen, would have 
equal insulating powers with it, or equal tendency to resist 
discharge. 

1397. Experiments have already been described (1291. 
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1292.) which shew that the gases are sensibly alike in their: 
inductive capacity. This result is not in contradiction with 
the existence of great differences in their restraining power. 
The same point has been observed already in regard to dense 
and rare air (1375.). 

1398. Hence arises a new argument proving that it 
cannot be mere pressure of the atmosphere which prevents or 
governs discharge (1377. 1378.) but a 8 electric quality 
or relation of the gaseous medium. ence also additional 
argument for the theory of molecular inductive action. 

1399. Other specific differences amongst the gases may 
be drawn from the preceding series of experiments, rough 
and hasty as they are. ‘Thus the positive and negative series 
of mean intervals do not give the same differences. It has 
been already noticed that the negative numbers are lower 
than the positive (1393.), but besides that, the order of the 
positive and negative results is not the same. ‘Thus on 
comparing the mean numbers (which represent for the present 
insulating tension,) it appears that in air, hydrogen, carbonic 
acid, olefiant gas, and muriatic acid, the tension rose higher 
when the smaller ball was made positive than when rendered 
negative, whilst in oxygen, nitrogen, and coal gas, the reverse 
was the case. Now though the numbers cannot be trusted as 
exact, and though air, oxygen, and nitrogen should probably 
be on the same side, yet some of the results, as, for instance, 
those with muriatic acid, fully shew a peculiar relation and 
difference among gases in this respect. This was further 
proved by making the interval in air 0'8 of an inch whilst 
muriatic acid gas was in the vessela; for on charging the 
small balls s and S positively, all the discharge took place 
through the air; but on charging them negatively, all the 
discharge took place through the muriatic acid gas. 

1400. So also, when the conductor n was connected only 
with the muriatic acid gas apparatus, it was found that the 
discharge was more facile when the small ball s was negative 
than when positive; for in the latter case, much of the elec- 
tricity passed off as brush discharge through the air from the 
connecting wire p; but in the former case, it all seemed to 
go through the muriatic acid. 

1401. The consideration, however, of positive and negative 
discharge across air and other gases will be resumed in the 
further part of this, or in the next paper. 

1402. Here for the present I must leave this part of the 
subject, which had for its object only to observe how far 
gases agreed or differed as to their power of retaining a 
charge on bodies acting by induction through them. All the 
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results conspire to shew that Induction is an action of con- 
tiguous molecules (1295. &.); but besides confirming this, 
the first principle placed for proof in the present inquiry, 
they greatly assist in developing the specific properties of each 
gaseous dielectric, at the same time shewing that further 
and extensive experimental investigation is necessary, and 
holding out the promise of new discovery’ as the reward of 
the labour required. 


1403. When we pass from the consideration of dielectrics 
like the gases to that of bodies having the liquid and solid 
condition, then our reasonings in the present state of the 
subject assume much more of the character of mere supposition. 
Still I do not perceive anything adverse to the theory in the 

henomena which such bodies present. If we take three 
insulating, dielectrics, as air, oil of turpentine and shell-lac and 
use the same balls or conductors at the same intervals in 
these three substances, increasing the intensity of the mduc- 
tion until discharge take place, we shall find that it must be 
raised much higher in the fluid than for the gas, and higher 
still m the solid than for the fluid. Nor is this inconsistent 
with the theory ; for with the liquid, though its molecules are 
free to move almost as easily as those of the gas, there are 
many more particles introduced into the given interval; and 
as respects the latter circumstance, the same is the case when 
the solid body is employed. Besides that, the cohesive force 
of the body used will produce some effect; for though the 
production of the polarized states in the partiele of a solid 
may not be obstructed, but, on the contrary, may in some 
eases be even favored (1164. 1344.) by its solidity or other 
circumstances, yet solidity may well exert an influence on the 
point of its final subversion, (just as it prevents discharge in 
an electrolyte,) and so enable inductive intensity to rise to a 
much higher degree. ' 

1404. Inthe cases of solids and liquids too, bodies may, 
and most probably do, possess specific differences as to their 
ability of assuming the polarized state, and also as to the 
extent to which that polarity must rise before discharge occurs. 
An analogous difference exists in the specific inductive 
capacities already pointed out in a few substances (1278.) in 
the last paper. Such a difference might even account for 
the various degrees of insulating and conducting power 
possessed by different bodies, and, if it should be found to 
exist, would add further strength to the argument in favor 
of the molecular theory of inductive action. 
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1405. Having considered these various cases of sustained 
insulation in non-conducting dielectrics up to the highest 
point which they can attain, we find that they terminate at 
last in disruptive discharge; the peculiar condition of the 
molecules of the dielectric which was necessary to the con- 
tinuous induction, being equally essential to the occurrence of 
that effect which closes all the phenomena. ‘This discharge 
is not only in its appearance and condition different to the 
former modes by which the lowering of the powers was effected 
(1320. 1343.), but, whilst really the same in principle, varies 
much from itself in certain characters, and thus presents us 
with the forms of spark, brush and glow (1359.). I will first 
consider the spark, limiting it for the present to the case of 
discharge between two oppositely electrified conducting 
surfaces. | 


The electric spark or flash. 


1406. The spark is a discharge or lowering of the polar- 
ized inductive state of many dielectric particles, by a particular 
action of a few of the particles occupying a very small and 
limited space ; all the previously polarized particles returning 
to their first or normal condition in the inverse order in which 
they left it, and uniting their powers meanwhile to produce, 
or rather to continue, (1417 and 1436.) the discharge effect 
in the place where the subversion of force first occurred. My 
impression is, that the few particles situated where discharge 
occurs are not merely pushed apart, but assume a peculiar 
state, a a exalted condition for the time, i. e. have thrown 
upon them all the surrounding forces in succession, and rising 
up to a proportionate intensity of condition, perhaps equal to 
that of chemically combining atoms, discharge the powers, 
possibly in the same manner as they do theirs, by some oper- 
ation at present unknown to us; and so the end of the whole. 
The ultimate effect is exactly as if a metallic wire had been 
put into the place of the discharging particles; and it docs 
not seem impossible that the principles of action in both cases 
may, hereafter, prove to be the same. 

1407. The path of the spark, or of the discharge, depends 
on the degree of tension acquired by the particles in the line 
of discharge, circumstances, which in every common case are 
very evident and by the theory easy to understand, rendering 
it higher in them than in their neighbours, and, by exalting 
them first to the requisite condition, causing them to deter- 
mine on the course of the discharge. Hence the selection of 
the path, and the solution of the wonder which Harris has so 
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well described“ as existing under the old theory. All is pre- 
pared amongst the molecules beforehand, by the prior induc- 
tion, for the path either of the electric spark or of lightning 
itself. 

1408. The same difficulty is expressed as a principle by 
Nobili for voltaic electricity, almost in Mr. Harris's words, 
namely, f ‘electricity directs itself towards the point where 
it can most easily discharge itself,” and the results of this as 
a principle he has well wrought out for the case of voltaic 
currents. But the solution of the difficulty, or the proximate 
cause of the effects, is the same: induction brings the parti- 
cles up to or towards a certain state (1370.); and by those 
which first attain it, is the discharge first and most efficiently 
performed. 

1409. The moment of discharge is probably determined 
by that molecule of the dielectric which, from the circum- 
stances, has its tension most quickly raised up to the 
maximum intensity. In all cases where the discharge passes 
from conductor to conductor this molecule must be on the 
surface of one of them; but when it passes between a con- 
ductor and a non-conductor, it is, perhaps, not always so 
(1453.). When this particle has acquired its maximum ten- 
sion, then the whole barrier of resistance is broken down in 
the line or lines of inductive action originating at it, and dis- 
ruptive discharge occurs (1370.): and such an inference, 
drawn as it is from the theory, seems to me in accordance 
with Mr. Harris’s facts and conclusions respecting the resis- 
tance of the atmosphere, namely, that it is not 0 greater 
at any one discharging distance than another. 

1410. It seems probable, that the tension of a particle of 
the same dielectric, as air, which is requisite to produce dis- 
charge, is a constant quantity, whatever the shape of the part 
of the conductor with which it is in contact, whether ball 
or point; whatever the thickness or depth of dielectric 
throughout which induction is exerted ; perhaps, even, what- 
ever the state, as to rarefaction or condensation of the 
dielectric; and whatever the nature of the conductor, good 
or bad, with which the particle is for the moment associated. 
In saying so much, I do not mean to exclude small differences 
which may be caused by the reaction of neighbouring par- 
ticles on the deciding pane and indeed, it is evident that 
the intensity required in a particle must be related to the 
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condition of those which are contiguous. But if the expecta- 
tion should be found to approximate to truth, what a gener- 
ality of character it presents! and, in the definiteness of the 
power possessed by a N molecule, may we not hope 
to find an immediate relation to the force which, being elec- 
trical, is equally definite and constitutes chemical affinity? 

1411. Theoretically it would seem that, at the moment of 
discharge by the spark in one line of inductive force, not 
merely would all the other lines throw their forces into this 
one (1406.), but the latteral effect, equivalent to a repulsion 
of these lines (1224. 1297.), would be relieved and, perhaps, 
followed by something equivalent to a contrary action, 
amounting to a collapse or attraction of these parts. Having 
long sought for some transverse force in statical electricity, 
which should be the equivalent to magnetism or the transverse 
force of current electricity, and conceiving that it might be 
connected with the transverse action of the lines of inductive 
force already described (1297.), I was desirous, by various 
experiments, of bringing out the effect of sucha force, and 
making it bear upon the phenomena of clectro-magnetism and 
mayneto-electricity. 

1412. Amongst other results, I expected and sought for 
the mutual affection, or even the lateral coalition of two 
similar sparks, if they could be obtained simultaneously side 
by side, and sufficiently near to each other. For this purpose, 
two similar Leyden jars were supplied with rods of copper 

rojecting from their balls in a horizontal direction, the rods 
being about 0'2 of an inch thick, and rounded at the ends. 
The jars were placed upon a sheet of tinfoil, and so adjusted 
that their rods, a and 6, were near together, in the position 
represented in plan at fig. 2. c and d were two brass balls 
connected by a brass rod and insulated; e was also a brass 
ball connected, by a wire, with the ground and with the tinfoil 
upon which the Leyden jars were placed. By laying an 
insulated metal rod across from a to ò, charging the jars, and 
removing the rod, both the jars could be brought up to the 
same intensity of charge (1370.). Then, making the ball e 
approach the ball d, at the moment the spark passed there, 
two sparks passed between the rods n, o, and the ball c; and 
as far as the eye could judge, or the conditions determine, 
they were simultaneous. 

1413. Under these circumstances two modes of discharge 
took place ; either each end had its own, particular spark to the 
ball, or else one end only was associated by a spark with the 
ball, but was at the same time related to the other end by a 
spark between the two. 
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1414. When the ball c was about an inch in diameter, the 
ends, n and o, about hali an inch from it, and about 0-4 of 
an inch from each other, the two sparks to the ball could be 
obtained. When, for the purpose of bringing the sparks 
nearer together, the ends, 2 ando were brought closer to 
each other, then, unless very carefully adjusted, only one end 
had a spark with the ball, the other having a spark to it; 
and the least variation of position would cause either 2 or o 
to be the end which, giving the direct spark to the ball, was 
also the one through, or by means of which, the other discharged 
its electricity. 

1415. On making the ball c smaller, I found that then it 
was needful to make the interval between the n and o larger 
in propotion to the distance between them and the ball e. On 
making c larger, I found I could diminish the interval, and 
so bring the two simultaneous separate sparks closer together, 
until, at last, the distance between them was not more at the 
widest part than 0.6 of their whole length. l 

1416. Numerous sparks were then passed and carefully 
observed. They were very rarely e but either curved 
or bent irregularly. In the average of cases they were I think, 
decidedly convex towards each other; perhaps two thirds 
. more or less of this effect, the rest bulging more or 
ess outwards. I was never able, however, to obtain sparks 
which, separately leaving the ends of the wires n and o, con- 
joined into one spark before they reached or communicated 
with the ball c. At present, therefore, though I think I saw 
a tendency in the sparks to unite, I cannot assert it as a fact. 

1417. But there is one very interesting effect here analo- 
gous to, aud it may be in part the same with, that I wag 
searching for; I mean the increased facility of discharge where 
the spark passes. For instance, in the cases where one 
end, as n, discharged the electricity of both ends to the ball c, 
fig. 2., the electricity of the other end o, had to pass through 
an interval of air 1:5 times as great as that which it might 
have taken, by its direct passage between the end and the ball 
itself. In such cases, the eye could not distinguish, even by 
the use of WHEaTsTONE’s means“, that the spark from the 
end n which contained both portions of the electricity, was a 
double spark. It could not have consisted of two sparks taking 
separate courses, for such an effect would have been visible 
to the eye ; but it is just possible, that the spark of the first 
end s and its jar, passing at the smallest interval of time 
before that of the other o, had heated and expanded the air in 


e Philosophical Transactions, 1834, pp. 584, 585. 
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its course, and made it so much more favorable to discharge, 
that the electricity of the end o preferred leading across to it 
and taking a very circuitous route, rather than the more 
dirict one to the ball. It must, however, be remarked, in 
answer to this supposition, that the one spark between d and e 
would, by its influence, tend to produce simultaneous dis- 
charges at n and o, and certainly did so, when no preponder- 
ance was given to one wire over the other, as to the previous 
inductive effect (1414.). 

1418. The fact, however, is, that disruptive discharge is 
favorable to itself. It is at the outset a case of tottering 
equilibrium : and if time be an element in discharge, in how- 
ever minute a proportion (1436.), then the commencement of 
the act at any point favors its continuance and increase there, 
and portions of power will be discharged by a course which 
they would not otherwise have taken. 

1419. The mere heat and expansion of the air itself by the 
the first portion of electricity which passes, must have a great 
influence in producing this result. 

1420. As to the result itself, we see its influence in every 
spark that passes; for it is not the whole quantity which 
passes that determines the discharge, but merely that small 
portion of force which brings the deciding molecule (1370.) 
up to its maximum tension; then when its forces are subver- 
ted and discharge begins, all the rest passes by the same 
course, from the influence of the favoring circumstances just 
referred to; and whether it be the electricity on a square inch, 
or a thousand square inches of charged glass, the discharge 
is complete. Hereafter we shall find the influence of this 
effect in the formation of brushes (1435.); and it is not im- 

ssible that we may trace it producing the jagged spark 
and the forked lightning. 

1421. The characters of the electric spark in different 
gases vary, and the variation may be due simply to the effect 
of the heat evolved at the moment. But it may also be due 
to that specific relation of the particles and the electric forces 
which I have assumed as the basis of a theory of induction; 
the facts do not oppose such a view; and in that view, the 
variation strengthens the argument for molecular action, as it 
would seem to shew the influence of the latter in every part 
of the electrical effect (1423, 1454). 

1422. The appearances of the sparks in different gases 
have often been observed and recorded,* but I think it not 
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out of place to notice briefly the following results; they were 
obtained with balls of brass, (platina surfaces would have 
been better,) and at common pressures. In air, the sparks 
have that intense light and bluish colour which are so well 
known, and often have faint or dark parts in their course, 
when the quantity of electricity passing is not great. In 
nitrogen, they are very beautiful, having the same general 
appearance as in air, but have decidedly more colour of a 
bluish or purple character, and I thought were remarkably 
sonorous. In oxygen, the sparks were whiter than in air or 
nitrogen, and I think not so brilliant. In hydrogen, they had 
a very fine crimson colour, not due to its rarity, for the cha- 
racter passed away as the atmosphere was rarefied (1459.).* 
Very little sound was produced in this gas; but that is a con- 
sequence of its physical condition. f In carbonic acid gas, 
the colour was similar to that of the spark in air, but with a 
little green in it: the sparks were remarkablv irregular in 
form, more so than in common air: they could also, under 
similar circumstances as to size of ball, &c. be obtained much 
longer than in air, the gas shewing a singular readiness to 
pass the discharge in the form of spark. In muriatic acid 
gas, the spark was nearly white: it was always bright through- 
out, never presenting those dark parts which happen in air, 
nitrogen, and some other gases. The gas wasdry, and during 
the whole experiment the surface of the glass globe within 
remained quite dry and bright. In coal gas, the spark was 
sometimes green, sometimes red, and occasionally one part 
was green and another red. Black parts also occur very 
suddenly in the line of the spark, i. e. they are not connected 
by any dull part with bright portions, but the two seem to 
join directly one with the other. 

1423. These varieties of character impress my mind with a 
feeling, that they are due to a direct relation of the electric 
powers to the particles of the dielectric through which the 
discharge occurs, and are not the mere results of a casual 
ignition or a secondary kind of action of the electricity, upon 
the particles which it finds in its course and thrusts aside in 
its passage (1454.). 

1424. The spark may be obtained in media which are far 
denser than air, as in oil of turpentine, olive oil, resin, glass, 
&c.: it may also be obtained in bodies which being denser 
likewise approximate to the condition of conductors, as sper- 
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maceti, water, &c. But in these cases, nothing occurs which, 
as far as I can perceive, is at all hostile to the general views 
I have endeavored to advocate. 


The electrical brush. 


1425. The brush is the next form of disruptive discharge 
which I will consider. There are many ways of obtaining it, 
or rather of exalting its characters; and all these ways illus- 
trate the principles upon which it is produced. If an insulated 
conductor, connected with the positive conductor of an elec- 
trical machine, have a metal rod 0:3 of an inch in diameter, 
projecting from it outwards from the machine, and terminatin 
by a rounded end or a small ball, it will generally give g 
brushes ; or, if the machine be not in good action, then many 
ways of assisting the formation of the brush can be resorted 
to; thus, the hand, or any large conducting surface may be 
approached towards the termination to increase inductive 
force (1374.): or the termination may be smaller and of 
badly conducting matter, as wood: or sparks may be taken 
between the prime conductor of the machine and the secondary 
conductor to which the termination giving brushes belongs: 
or, which gives to the brushes exceedingly fine characters and 
great magnitude, the air around the termination may be 
rarefied more or less, either by heat or the air pump; the 
former favorable circumstances being also continued. 

1426. The brush when obtained by a powerful machine on 
a ball about 0-7 of an inch in diameter, at the end of a long 
brass rod attached to the positive prime conductor, had the 
general appearance as to form represented in fig. 3.: a short 
conical bright part or root appeared at the middle part of the 
ball projecting directly from it, which at a little distance from 
the ball, broke out suddenly into a wide brush of pale rami 
fications having a quivering motion, and being accompanied 
at the same time with a low dull chattering sound. 

1427. At first the brush seems continuous, but Professor 
Wheatstone has shewn that the whole phenomenon consists 
of successive intermitting discharges.* If the eye be passed 
rapidly, not by a motion of the head, but of the eyeball itself, 
across the direction of the brush, by first looking steadfastly 
about 10° or 15° above, and then instantly as much below it, 
the general brush will be resolved into a number of individual 
brushes, standing in a row upon the line which the eye passed 
over; each elementary brush being the result of a single dis- 
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charge, and the space between them representing both the 
time during which the eye was passing over that space, and 
that which elapsed between one discharge and another. 

1428. The single brushes could easily be separated to eight 
or ten times their own width, but were not at the same time 
extended, i. e. they did not become more indefinite in shape, 
but, on the contrary, less so, each being more distinct in form, 
ramification, and character, because of its separation from the 
from the others, in its effects upon the eye. Each, therefore, 
was instantaneous in its existence (1436.). Each had the 
conical root complete (1426.). 

1429. Onusing a smaller ball, the general brush was smaller, 
and the sound, though weaker, more continuous. On resolv- 
ing the brush into its elementary parts, as before, these were 
found to occur at much shorter intervals than in the former 
case, but still the discharge was intermitting. 

1430. Employing a wire with a round end, the brush was 
still smaller, but, as before, separable into successive dis- 
charges. The sound, though feebler, was higher in pitch, 
being a distinct musical note. 

1431. The sound is, in fact, due to the recurrence of the 
noise of each separate discharge, and these, happening at in- 
tervals nearly equal under ordinary circumstances, cause a 
definite note to be heard, which rising in pitch with the in- 
creased rapidity and regularity of the intermitting discharges, 
gives a ready and accurate measure of the intervals, and so 
may be used in any case when the discharge is heard, even 
though the appearances may not be seen, to determine the 
element of time. So, also, when, by bringing the hand to- 
wards a projecting rod or ball, the pitch of the tone produced 
by a brushy discharge increases, the effect informs us that we 
have increased the induction (1374.), and by that means in- 
creased the rapidity of the alternations of charge and dis- 
charge. 

1432. By using wires with finer terminations, smaller brushes 
were obtained, until they could hardly be distinguished as 
brushes ; but as long as sound was heard, the discharge could 
be ascertained by the eye to be intermitting ; and when the 
sound ceased, the light became continuous as a glow (1359. 
1405.). : | e 

1433. To those not accustomed to use the eye in the manner 
I have described, or, in cases where the recurrence is too quick 
for any unassisted eye, the beautiful revolving mirror of 
Professor Wheatstone“ will be useful for such developments 
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of condition as those mentioned above. Another excellent 
process is to produce the brush or other luminous phenomenon 
on the end of a rod held in the hand opposite to a charged 
positive or negative conductor, and then move the rod rapidly 
from side to side whilst the eye remains still. The successive 
discharges occur of course in different places, and the state of 
things before, at, and after a single coruscation or brush can 
be exceeding well separated. 

1434. The brush is in reality a discharge between a bad 
or a non-conductor and either a conductor or another non- 
conductor. Under common circumstances, the brush is a 
discharge between a conductor and air, and I conceive it to 
take place in some thing like the following manner. When 
the end of an electrified rod projects into the middle of aroom 
induction takes place between it and the walls of the room, 
across the dielectric, air; and the lines of inductive force 
accumulate upon the end in greater quantity than elsewhere, 
or the particles of air at the end of the rod are more highly 
polarized than those at any other part of the rod, for the 
reasons already given (1374.). ‘Lhe particles of air situated 
in sections across these lines of force are least polarized in 
sections towards the walls, and most polarized in those nearer 
to the end of the wires (1369.): thus, it may well happen, 
that a particle at the end of the wire is at a tension that will 
immediately terminate in discharge, whilst in those even only 
a few inches off, the tension is still beneath that point. But 
suppose the rod to be charged positively, a particle of air A, 
fig. 4. next it, being polarized, and having of course its nega- 
tive force directed towards the rod and its positive force 
outwards ; the instant that discharge takes place between the 
positive force of the particle of the rod opposite the air and 
the negative force of the particle of air towards the rod, the 
whole particle of air becomes positively electrified ; and when, 
the next instant, the discharged part of the rod resumes its 
positive state, by conduction from the surface of metal behind, 
it not only acts on the particles beyond A, by throwing A 
into a polarized state again, but A itself, because of its 
charged state, exerts a distinct inductive act towards these 
further particles, and the tension is consequently so much 
exalted between A and B, that discharge takes place there 
also, as well as again between the metal and A. 

1435. In addition to this effect, it has been shewn, that, 
the act of discharge having once commenced, the whole oper- 
ation, like a case of unstable equilibrium, is hastened to a 
conclusion (1370. 1418.), the rest of the act being facilitated 
in its occurrence, and other electricity than that which caused 
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the first necessary tension hurrying to the spot. When, there- 
fore, disruptive discharge has once commenced at the root of 
a brush, the electric force which has been accumulating in the 
conductor attached to the rod, finds a more ready discharge 
there than elsewhere, and will at once follow the course 
marked out as it were for it, thus leaving the conductor in a 
partially discharged state, and the air about the end of the 
wire in a charged condition; and the time necessary for res- 
as the full charge of the conductor, and the dispersion of 
the charged air in a greater or smaller degree, by the joint 
forces of repulsion from the conductor and attraction towards 
the walls of the room, to which its inductive action is directed 
is just that time which forms the interval between brush and 
brush (1420. 1427. 1431.) 

1436. The words of this description are long, but there is 
nothing in the act or the forces on which it depends to prevent 
its being instantaneous, as far as we can estimate and mea- 
sure it. The consideration of time is, however, important in 
several points of view (1418.), and in reference to disruptive 
discharge, it seemed from theory far more probable that it 
might be detected in a brush than in a spark, for in a brush, 
the particles in the line through which the discharge passes 
are in very different. states as to intensity, and the discharge 
is already complete in its act at the root of the brush, before 
the particles at the extremity of the ramifications have yet 
attained their maximum intensity. 

1437. I consider brush discharge as, probably, a successive 
effect in this way. Discharge begins at the root (1426.), and, 
extending itself in succession to all parts of the single brush, 
continues to go on at the root and the previously formed parts 
until the whole brush is complete; then, by the fall in inten- 
sity and power at the conductor, it ceases at once in all parts, 
to be renewed, when that power has risen again to a sufficient 
degree. But in a spark, the particles in the line of discharge 
being, from the circumstances, nearly alike in their intensity 
of polarization, suffer discharge so nearly at the same moment 
as to make the time quite insensible to us. 

1438. Mr. Wheatstone has already made experiments which 
fully illustrate this point. He found that the brush generally 
had a sensible duration, but that with his highest capabilities 
he could not detect any such effect in the spark.“ I repeated 
his experiment on the the brush, though with more imperfect 
means, to ascertain whether I could distinguish a longer 
duration in the stem or root of the brush than in the ex-. 
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. tremities, and the appearances were such as to make me 
think an effect of this kind was produced. 

1439. That the discharge breaks into several ramifications, 
and by them passes through portions of air alike, or nearly 
alike, as to polarization and the degree of tension the particles 
there have acquired, is a very natural result of the previous 
state of things, and sooner to be expected than that the dis- 
charge should continue to go straight out into space in a 
single line amongst those particles which, being at a distance 
from the end of the rod, are in a lower state of tension than 
those which are near: and whilst we cannot but conclude, 
that those parts where the branches of a single brush appear, 
are more favorably circumstanced for discharge than the 
darker parts between the ramifications, we may also conclude, 
that in those parts where the light of concomitant discharge 
is equal, there the circumstances are nearly equal also. The 
single brushes are by no means of the same particular shape 
even when they are observed without displacement of the rod 
or surrounding objects (1427. 1433.), and the successive dis- 
charges may be considered as taking place into the mass 
of air around, through different roads at each brush, according 
as minute circumstances, as dust, &c. (1391. 1392.) may 
have favored the course by one set of particles rather than 
another. . 

1440. Brush discharge does not essentially require any 
current of the medium in which the brush appears: the cur- 
rent almost always occurs, but is a consequence of the brush, 
and will be considered hereafter. On holding a blunt pomt 
positively charged towards uninsulated water, a star or glow 
appeared on the point, a current of air passed from it, and the 
surface of the water was depressed; but on bringing the 
point so near that sonorous brushes passed, then the current 
of air instantly ceased, and the surface of the water became 
level. 

1441. The discharge by a brush is not to all the particles 
of air that are near the electrified conductor from which the 
brush issues ; only those parts where the ramifications pass 
are electrified: the air in the central dark parts between them 
receives no charge, and, in fact, at the time of discharge, has 
its electric and inductive tension considerably lowered. For 
consider fig. 14. to represent a single positive brush ;—the 
induction before the discharge is from the end of the rod out- 
wards, in diverging lines towards the distant conductors, as 
the walls of the room, &c., and a particle at a has polarity of 
a certain degree of tension, and tends with a certain force to 
become charged; but at the moment of discharge, the air in 
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the ramifications 6 and d, acquiring also a positive state, op- 
poses its influence to that of the positive conductor on a, and the 
tension of the particle at a is therefore diminished rather than 
increased. The charged particles at b and d are now induc- 
tive bodies, but their lines of inductive action are still outwards 
towards the walls of the room ; the direction of the polarity 
and the tendency of other particles to charge from these, being 
governed by, or in conformity with, these lines of force. 


1442. The 5 that are charged are probably very 
highly charged, but, the medium being a non- conductor, they 
cannot communicate that state to their neighbours. They 
travel, therefore, under the influence of the repulsive and 
attractive forces, from the charged conductor towards the 
nearest uninsulated conductor, or the nearest body in a differ- 
ent state to themselves, just as charged particles of dust would 
travel, and are then discharged ; each particle acting, in its 


course, as a centre of inductive force upon any bodies near 


which it may come. : 


1443. The travelling of these charged particles when they are 
numerous, causes wind and currents, but these will come into 
consideration under carrying discharge (1319.). When air is 
said to be electrified, and it frequently assumes this state near 
electrical machines, it consists, according to my view, of a 
mixture of electrified and un-electrified particles, the latter 
being in very large proportion to the former. When we 
gather electricity from air by a flame or by wires, it is 
either by the actual discharge of these particles, or by effects 
dependent on their inductive action, a case of either kind 
being produceable a pleasure. That the law of equality 
between the two forces or forms of force in inductive action is 
as strictly preserved in these as in other cases, is fully shewn 
by the fact, formerly stated (1173. 1174.), that, however 
strongly air in a vessel might be charged positively, there was 
an exactly equal amount of negative force on the inner sur- 
face of the vessel itself, for no residual portion of either the 
one or the other electricity could be obtained. 


1444. I have nowhere said, nor does it follow, that the air 
is charged only where the luminous brush appears. The 
charging may extend beyond those parts which are visible, i.e. 
particles to the right or left of the lines of light may receive 
electricity, the parts which are luminous being so only because 
much electricity is passing by them to other parts (1437.) ; 
just as in a spark discharge the light is greater as more elec- 
tricity passes, though it has no necessary relation to the 
quantity required to commence discharge (1370. 1420.). 
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Hence the form we sec in a brush may by no means represent 
the whole quantity of air electrified ; for an invisible portion, 
clothing the visible form to a certain depth, may, at the same 
time, receive its charge. 3 

1445. Several effects which I have met with in muriatic 
acid gas tend to make me believe, that gaseous body allows 
of adark discharge. At the same time, it is quite clear from 
theory, that in some gases, the reverse of this may occur, i. e. 
that the charging of the air may not extend even so far as the 
light. We do not know as yet enough of the electric light to 
be able to state on what it depends, and it is very possible 
that, when electricity bursts forth into air, all the particles of 
which are in a state of tension, light may be evolved by such 
as, heing very near to, are not of, those which actually receive 
a charge at the time. 

1446. The further a brush extends in a gas, the further no 
doubt is the charge or discharge carried forward; but this 
may vary between different gases, and yet the intensity re- 
quired for the first moment of discharge not vary in the same, 
but in some other proportion. Thus with respect to nitrogen 
and muriatic acid gases, the former, as far as my experiments 
have proceeded, produces far finer and larger brushes than 
the latter (1458. 1462.), but the intensity required to com- 
mence discharge is much higher for the latter than the former 
(1395.). Here again, therefore, as in many other qualities, 
specific differences are presented by different gaseous dielec- 
trics, and so prove the special relation of the latter to the act 
and the phenomena of induction. 

1447. To sum up these considerations respecting the 
character and condition of the brush, I may state that it is a 
spark to air; a diffusion of electric force to matter, not by con- 
duction, but disruptive discharge ; a dilute spark which, pass- 
ing to very badly conducting matter, frequently discharges 
but a small portion of the power stored up in the conductor ; 
for as the air charged reacts on the conductor, whilst the con- 
ductor, by loss of electricity, sinks in its force, the discharge 

uickly ceases, until by the dispersion of the charged air and 

e renewal of the excited conditions of the conductor, circum- 
stances have risen up to their first effective condition, again to 
cause discharge, eal again to fall and rise. 

1448, The brush and spark gradually pass into one another. 
Making a small ball positive by a good electrical machine 
with a large prime conductor, and approaching a large 
uninsulated discharging ball towards it, very beautiful 
variations from the spark to the brush may be ob- 
tained. The drawings of long and powerful ees given by 
VoL. V.—No. 27, September, 1840. 
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Van Marum,“ Harris, fand others, also indicate the same 

henomena. As far as I have observed, whenever the spark 
fas been brushy in air of common pressures the whole of the 
electricity has not been discharged, but only portions of it, 
more or less according to circumstances: whereas, whenever 
the effect has been a distinct spark throughout the whole of 
its course, the discharge has been perfect, provided no inter- 
ruption had been made to it elsewhere, in the discharging 
circuit, than where the spark occurred. 

1449. When an electrical brush from an inch to six inches 
in length or more is issuing into free air, it has the form given, 
fig. 3. But if the hand, a ball, or any knobbed conductor be 
brought near, the extremities of the coruscations turn towards 
it and each other, and the whole assumes various forms 
according to circumstances, as in figs. 5, 6, and 7. The in- 
fluence of the circumstances in each case is easily traced, and 
J might describe it here, but that I should be ashamed to oc- 
cupy the time of the Society in things so evident. But how 
beautifully does the curvature of the ramifications illustrate 
the curved form of the lines of inductive force existing pre- 
vious to the discharge! for the former are consequences of 
the latter, and take their course, in each discharge, where 
the previous inductive tension had been raised to the proper 
degree. They represent these curves just as well as iron 
filings represent mignetic curves, the visible effects in both 
cases being the consequences of the action of the forces in 
the places where the effects appear. ‘The phenomena, there- 
fore, constitute additional and powerful testimony (1216. 
1230.) to that man | given in favor both of induction through 
dielectrics in curved lines (1231.), and of the lateral relation 
of these lines, by an effect equivalent to a repulsion pro- 
ducing divergence, or, as in the cases figured, the bulging 
form. . . 

1450. In reference to the theory of molecular inductive 
action, I may also add here, the proof deducible from the long 


brushy ramifying spark which may be obtained between a. 


small ball on the positive conductor of an electrical machine, 
and a larger one at a distance (1448.). What a fine illustra- 
tion that spark affords of the previous condition of all the 
particles of the dielectric between the surfaces of discharge, 
and how unlike the appearances are to any which would be 
deduced from the theory which assumes inductive action to be 
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action at a distance, in straight lines only; and charge, as 
being electricity retained upon the surface of conductors by 
the mere pressure of the atmosphere ! 


1451. When the brush is obtained in rarefied air, the ap- 
pearances vary greatly, according to circumstances, and are 
. exceedingly beautiful. Sometimes a brush may be formed of 
only six or seven branches, these being broad and highly 
luminous, of a purple colour, and in some parts an inch or 
More apart :—by a spark discharge at the prime conductor 
(1455.) single brushes may be obtained at pleasure. Dis- 
charge in the form of a brush is favored by rarefaction of the 
air, in the same manner and for the same reason as discharge 
in the form of a spark (1375.); but in every case there is pre- 
vious induction and charge through the dielectric, and polarity 
of its particles (1437.), the induction being, as in any other 
instance, alternately raised by the machine and lowered by the 
discharge. In certain experiments the rarefaction was in- 
creased to the utmost degree, and the opposed conducting 
surfaces brought as near together as possible without produc- 
ing the glow: the brushes then contracted in their lateral 
dimensions, and recurred so rapidly as to form an apparently 
continuous arc of light from metal to metal. Still the dis- 
charge could be observed to intermit (1427.), so that even 
under these high conditions, induction preceded each single 
brush, and the tense polarized condition of the contiguous 
particles was a necessary preparation for the discharge itself. 

1452. The brush form of disruptive discharge may be ob- 
tained not only in air and gases, but also in much denser 
media. I procured it in oil of turpentine from the end of a 
wire going through a glass tube into the fluid contained in a 
metal vessel. The brush was small and very difficult to obtain; 
the ramifications were simple, and stretched out from each 
other diverging very much. The light was exceedingly feeble, 
a perfectly dark room being required for its observation. 
When a few solid particles, as of dust or silk, were in the 
liquid, the brush was produced with much greater facility. 

1453. The running together or coalescence of different lines 
of discharge (1412.) is very beautifully shewn in the brush in 
air. This point may present a little difficulty to those who 
are not accustomed to see in every discharge an equal exertion 
of power in opposite directions, a positive brush being con- 
sidered by such (perhaps in consequence of the common 
phrase direction of a current) as indicating a breaking forth 
in different directions of the original force, rather than a 
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tendency to convergence and union in one line of passage. 
But the ordinary case of the brush may be compared, for its 
illustration, with that in which, by holding the knuckle oppo- 
site to highly excited glass, a discharge occurs, the ramifica- 
tions of a brush then leading from the glass and converging 
into a spark on the knuckle. Though a difficult experiment 
to make, it is possible to obtain discharge between highly 
excited shell-lac and the excited glass of a machine: when 
the discharge passes, it is, from the nature of the charged 
bodies, brush at each end and spark in the middle, beautifully 
illustrating that tendency of discharge to facilitate like action, 
which, I have described in a former page (1418.). 

1454. The brush has specific characters in different gases, 
indicating a relation to the particles of these bodies even in a 
stronger degree than the spark (1422. 1423.). This effect is 
in strong contrast with the non-variation caused by the use of 
different substances as conductors from which the brushes are 
to originate. Thus, using such bodies as wood, card, char- 
coal, nitre, citric acid, oxalic acid, oxide of lead, chloride of 
lead, carbonate of potassa, potassa fuso, strong solution of 
potash, oil of vitriol, sulphur, sulphuret of antimony, and 
heematite, no variation in the character of the brushes was 
obtained, except that (dependent upon their effect as better 
or worse conductors) of causing discharge with more or less 
readiness and quickness from the machine.“ 

1455. The following are a few of the effects I observed in 
different gases at the positively charged surfaces, and with 
atmospheres varying in their pressure. The general effect of 
rarefaction was the same for all the gases: at first, sparks 
passed; these gradually were converted into brushes, which 
became larger and more distinct in their ramifications, until, 
upon further rarefaction, the latter began to collapse and 
draw in upon each other, till they formed a stream across from 
conductor to conductor: then a few lateral streams shot 
out towards the glass of the vessel from the conductors ; 
these became thick, flossy, and soft in appearance, and 
were succeeded by the full constant glow which covered 
the discharging wire. The phenomena varied with the size 
of the vessel (1477.), the degree of rarefaction, and the dis- 
charge of electricity from the machine. When the latter was 
in successive sparks, they were most beautiful, the effect of a 
spark from a small machine being equal to, and often surpass- 


Exception must, of course, be made of those cases where the root of the 
brush, becoming a spark, causes a little diffusion or even decomposition of 
the matter there, and so gains more or less of a particular colour at that part. 
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ing, that produced by the constané discharge of a far more 
powerful one. 

1456. Air.—Fine positive brushes are easily obtained in 
air at common pressures, and possess the well-known pur- 
plish light. When the air is rarefied, the ramifications are 
very long, filling the globe (1477.), the light is greatly in- 
creased, and is of a beautiful purple colour, with an occasional 
Tose tint in it. 

1457. Oxygen.—At common pressures, the brush is very 
close and compressed, and of a dull whitish colour somewhat 
purplish, but all the characters very poor compared to those 
in air. 

1458. Nitrogen gives brushes with great facility at the 
positive surface, far beyond any other gas I have tried: they 
are almost always fine in form, light, and colour, and in rare- 
fied nitrogen are magnificent. Ihey surpass the discharges 
in any other gas as to the quantity of light evolved. | 

1459. Hydrogen, at common pressures, gave a better brush 
than oxygen, but did not equal nitrogen; the colour was 
greenish grey. In rarefied hydrogen, the ramifications were 
very fine in form and distinctness, but pale in colour, with a 
soft and velvety appearance, and not at all equal to those in 
nitrogen. In the rarest state of the gas, the colour of the 
light was a pale grey green. | | 

1460. Coal gas. — The brushes were rather difficult to pro- 
duce, the contrast with nitrogen being great in this respect. 
They were short and strong, generally of a greenish colour, 
and possessing much of the spark character: for, occurring 
on both the positive and negative terminations, often when 
there was a dark interval of some length between the two 
brushes, still the quick, sharp sound of the spark was pro- 
duced, as if the discharge had been sudden through this gas, 
and partaking, in that respect, of the character of a spark. 
In rare coal gas, the forms were better, but the light very 
poor and the colour grey. 

1461. Carbonic acid gas produces a very poor brush at 
common pressures, as regards either size, light, or colour ; 
and this is probably connected with the tendency which this 

as has to discharge the electricity as a spark (1422.). 
In rarefied carbonic acid, the brush is better in form, but 
weak as to light, being of a dull greenish or purplish hue, 
varying with the pressure and other circumstances. 

1462. Muriatic acid gas.—It is very difficult to obtain the 
brush in this gas at common pressures. On gradually in- 
creasing the distance of the rounded ends, the sparks sud- 
denly ceased when the interval was about an inch, and the 
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discharge, which was still through the gas in the globe, was 
silent and dark. Occasionally a very short brush could for 
a few moments be obtained, but it quickly disappeared again. 
Even when the intermitting spark current (1455.) from the 
machine was used, still I could only with difficulty obtain a 
brush, and that very short, though I used rods with rounded 
terminations (about 0°25 of an inch in diameter) which had 
before given them most freely in air and nitrogen. During 
the time of this difficulty with the muriatic gas, magnificent 
brushes were passing off from different parts of the machine 
into the surrounding air. On rarefying the gas, the forma- 
tion of the brush was facilitated, but it was generally of a low 
squat form, very poor in light, and very similar on both the 
positive and negative surfaces. On rarefying the gas still 
more, a few large ramifications were obtained of a pale bluish 
colour, utterly unlike those in nitrogen. 

1463. In all the gases, the different forms of disruptive 
discharge may be linked together and gradually traeed from 
one extreme to the other, i. e. from the spark to the glow 

1405.), or, it may be, to a still further condition to be called 

ark discharge ; but it is, nevertheless, very surprising to see 
what a specific character each keeps whilst under the pre- 
dominence of the general law. Thus, in muriatic acid, the 
brush is very difficult to obtain, and there comes in its place 
almost a dark discharge, partaking of the readiness of the 
spark action. Moreover, in muriatic acid, I have never ob- 
served the spark with any dark interval in it. In nitrogen, 
the spark 5 changes its character into that of brush. 
In carbonic acid gas, there seems to be a facility to occasion 
spark discharge, whilst yet that gas is unlike nitrogen in the 
facility of the latter to form brushes, and unlike muriatic acid 
in its own facility to continue the spark. ‘These differences 
add further force, first to the observations already made re- 
specting the spark in various gases (1422. 1423.), and then, 
to the proofs deducible from it, of the relation of the electri- 
cal forces to the particles of matter. 

1464. The peculiar characters of nitrogen in relation to 
the electric discharge (1422. 1458.) must, evidently, have 
an important influence over the form and even the occurrence 
of lightning. Being that gas which most readily produces 
coruscations, and, by them, extends discharge to a greater 
distance than any other gas tried, it is also that which con- 
stitutes four fifths of our atmosphere ; and as, in atmospheric 
electrical phenomena, one, and sometimes both the inductive 
forces are resident on the particles of the air, which, though 
probably affected as to conducting power by the aqueous 
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particles in it, cannot be considered as a good conductor so, 
the peculiar power possessed by nitrogen, to originate and 
effect discharge in the form of a brush or of ramifications, 
has, probably, an important relation to its electrical service in 
nature, as it most seriously affects the character and condition 
of the discharge when made. The whole subject of discharge 
from and through gases is a most important one to science, 
and, if only in reference to atmospheric electricity, deserves 
extensive and close experimental investigation. 


Difference of discharge at the positive and negative 
conducting surfaces. 


1465. I have avoided speaking of this well-known pheno- 
menon more than was quite necessary, that I might bring 
together here what I have to say on the subject. When the 
brush discharge is observed in air at the positive and negative 
surfaces, there is a very striking difference, the true and full 
comprehension of which would, no doubt, be of the utmost 
importance to the physics of electricity ; it would throw great 
light on our present subject, i. e. the molecular action of die- 
lectrics under induction, and its consequences, and seems. 
very open to, and accessible by, experimental inquiry. 

1466. The difference in question used to be expressed in 
former times by saying, that a point charged positively gave 
brushes into the air, whilst the same point oak te negatively 
gave a star. This is true only of bad conductors, or of 
metallic conductors charged intermittingly, or otherwise con- 
trolled by collateral induction. If metallic points project 
freely into the air, the positive and negative light upon them 
differ very little in appearance, and the difference can be ob- 
served only upon close examination. 

1467. The effect varies exceedingly under different circum- 
stances, but, as we must set out from some position, may 
perhaps be stated thus: if a metallic wire with a rounded 
termination in free air be used to produce the brusby dis- 
charge, then the brushes obtained when the wire is charged 
negatively are very poor and small, by ep oe with those 

roduced when the charge is positive. Or if a large metal 
ball connected with the electrical machine be charged posi- 
tively, and a fine uninsulated point be gradually brought to- 
wards it, a star appears on the point when at a considerable 
distance, which though it becomes brighter, does not change 
its form of a star until it is close up to the ball: whereas, if 
the ball be charged negatively, the point at a considerable dis- 
tance has a star on it as before; but when brought nearer, 
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(in my case to the distance of 1} inch,) a brush formed on 
it, extending to the negative ball; and when still nearer, 
(at 4 of an inch distance, ) the brush ceased, and bright sparks 
passed. ‘These variations, I believe, include the whole series 
of difierences, and they seem to shew at once, that thenegative 
surface tends to retain its discharging character unchanged, 
whilst the positive surface, under similar circumstances, per- 
mits of great variation. 

1468. There are several points in the character of the 
negative discharge to air which it is important to observe. A 
metal rod, 0°3 of an inch in diameter, with a rounded end 
projecting into the air, was charged negatively, and gave a 
short noisy brush (fig. 8.). It was ascertained both by sight 
(1427. 1433.) and sound (1431.), that the successive dis- 
charges were very rapid in their recurrence, being seven or 
eight times more numerous in the same period, than those 
produced when the rod was charged positively to an equal 
degree. When the rod was positive, it was easy, by working 
the machine a little quicker, to replace the brush by a glow 
(1405. 1463.), but when it was negative no efforts could pro- 
duce this change. Even by bringing the hand opposite the 
wire, the only effect was to increase the number of brush dis- 
1 in a given period, raising at the same time the sound 
to a higher pitch. l 

1469. A point opposite the negative brush exhibited a star, 
and as it was approximated caused the size and sound of the 
negative brush to diminish. and, at last, to cease, leaving the 
negative end silent and dark, yet effective as to discharge. 

1470. When the round end of a smaller wire (fig. 9.) was 
advanced towards the negative brush, it (becoming positive 
by induction) exhibited the quiet glow at 8 inches distance, 
the negative brush continuing. When nearer, the pitch of 
the sound of the negative brush rose, indicating quicker inter- 
mittences (1431.); still nearer, the positive end threw off 
ramifications and distinct brushes ; at the same time, the nega- 
tive brush contracted in its lateral directions and collected 
together, giving a peculiar narrow longish brush, in shape 
like a hair pencil, the two brushes existing at once, but very 
different in their form and appearance, and especially in the 
more rapid recurrence of the negative discharges than of the 
positive. On using a smaller positive wire for the same ex- 
periment, the glow first appeared on it, and then the brush, 
the negative brush being affected at the same time; and the 
two at one distance became exceedingly alike in appearance, 
and the sounds, I thought, were in unison ; at all events they 
were in harmony, so that the intermissions of discharge were 
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either isochronous, or a simple ratio existed between the in- 
tervals. With a higher action of the machine, the wires being 
retained unaltered, the negative surface would become dark 
and silent, and a glow appear on the positive one. A still 
higher action changed the latter into a spark. Finer positive 
wires gave other variations of these effects, which I must not 
allow myself to go into here. 

1471. A thinner rod was now connected with the negative 
conductor in place of the larger one (1468.), its termination 
being gradually diminished to a blunt point, as in fig. 10, ; and 
it was beautiful to observe that, notwithstanding the variation 
of the brush, the same general order of effects was produced. 
The end gave a small sonorous negative brush, which the 
approach of the hand or of a large conducting surface did not 
alter, until it was so near as to produce a spark. A fine 

oint opposite to it was luminous at a distance ; being nearer 
it did not destroy the light and sound of the negative brush, 
but only tended to have a brush produced on itself, which, at 
a still nearer distance, passed into a spark joining the two 
surfaces. 

1472. When the distinct negative and positive brushes are 
produced simultaneously in relation to each other in air, the 
former almost always has a contracted form, as in fig. 11., 
very much indeed resembling the figure which the positive 
brush itself has when influenced by the lateral vicinity of posi- 
tive parts acting by induction. Thus a brush issuing from a 
point in the re-entering angle of a positive conductor has the 
same compressed form (fig. 12.). 

1473. The character of the negative brush is not affected 
by the chemical nature of the substances of the conductors 
(1454.), but only by their possession of the conducting power 
in a greater or smaller degree. : 

1474. Rarefaction of common air about a negative ball or 
blunt point facilitated the development of the negative brush, 
the effect being, I think, greater than on a positive brush, 
though great on both. Extensive ramifications could be 
obtained from a ball or end electrified negatively to the plate 
of the air-pump on which the jar containing it stood. 

1475. A very important variation of the relative forms and 
conditions of the positive and negative brush takes place on 
varving the dielectric in which they are produced. The 
difference is so very great that it points to a specific relation 
of this form of discharge to the particular gas in which it takes 
place, and opposes the idea that gases are but obstructions to 
the discharge, acting one like another and merely in propor- 
tion to their pressure (1377). a En 
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1476. In air, the superiority of the positive brush is well 
known (1467. 1472.). In nitrogen, it is as great or even 
greater than in air (1458.). In Aydrogen, the positive brush 
loses a part of its superiority, not being so good as in nitrogen 
or -air; whilst the negative brush does not seem injured 
(1459.). In oxygen, the positive brush is compressed and 
poor (1457.); whilst the negative did not sink in character: 
the two were so alike that the eye frequently could not tell 
the one from the other, and this similarity continued when 
the oxygen was gradually rarefied. In coal gas, the brushes 
are difficult of production as compared to nitrogen (1460.), 
and the positive not much superior to the negative in its 
character, either at common or low pressures. In carbonic 
acid gas, this approximation of character also occurred. In 
murialic acid gas the positive brush was very little better 
than the negative, and both difficult to produce (1462.) as 
compared with the facility in nitrogen or air. 

1477. These experiments were made with rods of brass 
about a quarter of an inch thick having rounded ends, the 
ends being opposed in a glass globe 7 inches in diameter, 
containing the gas to be experimented with. The electric 
machine was used to communicate directly, sometimes the 
positive, and sometimes the negative, state, to the rod in con 
nexion with it. | 

1478. Thus we see that, notwithstanding there is a general 
difference in favor of the superiority of the positive brush 
over the negative, that difference is at its maximum in nitro- 
gen and air; whilst in carbonic acid, muriatic acid, coal gas, 
and oxygen it diminishes, and at last becomes almost nothng. 
So that in this particular effect, as in all others yet examined, 
the evidence is in favor of that view which refers the results 
to a direct relation of the electric forces with the molecules 
of the matter concerned in the action (1421. 1423. 1463.). 
Even when special phenomena arise under the operation of 
the general law, the theory adopted seems fully competent 
to meet the case. 

1479. Before I proceed further in tracing the probable 
cause of the difference between the positive and negative brush 
discharge, I wish to know the results of a few experiments 
which are in course of preparation : and thinking this Series 
of Researches long enough, I shall here close it with the ex- 
pectation of being able in a few weeks to renew the inquiry, 
and entirely redeem my pledge (1306.). 


Royal Institution, Dec. 201d, 1837. 
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X XIV.—On Electro-Magnetic Forces. By J. P. Jour, Esq. 


29. In resuming the relation of my researches, I shall dis- 
miss for the present the investigation of electro-magnetic forces 
as applied to the movement of machines, and consider the laws 
which govern that peculiar condition which is assumed on the 
completion of the ferruginous circuit—the lifting or sustaining 
power of the electro-magnet. 

30. Although this wonderful property 1s known to all, and 
a variety of forms has been given to the electro-magnet both 
as regards the bulk and shape of its iron, and the length 
and number of its magnetizing spirals, I am not aware that 
any general rules have been laid down for its manufacture, 
which is a circumstance the more to be regretted, as it has 
led some to imagine that the different capabilities of various 
arrangements, are the consequence of causes too many and 
too recondite to be unravelled. I shall attempt in this paper 
to throw some light upon this subject, and shall describe a 
construction attended by far greater results than have hitherto 
been produced.—It was my desire to make my experiments 
as exact as possible, and as I wish the relation of them to be 
clear and definite, I shall begin with some observations on 
the measure of current electricity indicated by the galvano- 
meter, an instrument not only useful but absolutely essential 
in an inquiry of this nature. 

31. The great difficulty, if not the absolute impossibility, 
of understanding experiments such as these and comparing 
them with one another, arises in general from incomplete des- 
criptions of apparatus, and in particular from the arbitrary 
and vague numbers which are used in characterizing electric 
currents. Such a practice might be tolerated in the infancy 
of the science, but in its present state of advancement greater 
precision and propriety are imperatively demanded. I have 
therefore determined for my own part to abandon my old 
quantity numbers and to express my results on the basis of 
an unit which shall be at once scientific and convenient. 

32. That proposed by Dr. Faraday is, I believe, the only 
standard of this kind that has been suggested. His discovery 
of the definite quantity of electricity associated with the atoms 
or chemical equivalents of bodies, has induced him to use the 
voltameter as a measurer, and to propose that the hundredth 
part of a cubic inch of the mixed gases should constitute the 
degree.“ There can be no doubt that this system offers 
superior advantages to the experimenter in some circumstances, 
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and when the above instrument is employed. However, as I 
am not aware that it has been used in the researches of any 
electrician, not excepting those of Faraday himself, I have 
not hesitated to advance what I think to be more appropriate 
as well as more generally advantageous. It is thus simply 
stated. 

33. J. A degree of static electricity is that quantity which 
is just able to decompose nine grains of water. 2. A degree 
of current electricily ts the same amount propagated during 
each hour of time ; and 3. Where both time and length of 
conductor are elements, as in electro-dynamics, a degree o 
electric force, or of electro-momentum, ts indicated by that 
same quantily (a degree of static electricity, ) propagated 
through the space of one foot in one hour of time. Whenever 
in future I speak of degrees, 1 shall intend those which 1 have 
just defined. 

34. As 9 is the atomic weight of water it is obvious how 
greatly my degree will facilitate the calculation of electro- 
chemical decompositions. J may in this place adduce an 
illustration from electro-type engraving: here, if a galvano- 
meter graduated according to my scale were included in the 
circuit, it would only be necessary to multiply the degrees 
(33,2) of its indication by 32, the equivalent of copper, and 
this again by the time in hours during which the work has 
been carried on, to obtain the weight of copper in grains 
which has been precipitated, and there would therefore be no 
occasion whatever to disturb the arrangement until calcula- 
tion had shewn that the proper quantity of copper was cast. 
Tor instance, in an experiment of my own, I caused two 
electrodes of copper to terminate in a solution of the sulphate 
slightly acidulated by sulphuric acid. The negative electrode, 
upon which of course the copper was deposited, consisted of 
a disc an inch and a half in diameter ; the positive, of a small 
coil of wire. A current of the mean quantity°.415 was then 
pes through the apparatus for one hour and a quarter; 

ence, according to the rule, 415 32 & 125 16·6 gr. the 
weight of copper which should theoretically be deposited. 
The real quantity, well washed and dried, was 15°6 gr. The 
deficiency of one grain was the evident consequence of the 
consumption of a part of the electricity in the decomposition 
of water, which was plainly indicated by a slight evolution of 
hydrogen at the negative pole. 

35. The galvanometer of which I made use in the last series 
of experiments“ (14,) was connected with an apparatus fur- 
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nished with very fine platinum wires. Voltaic currents of a 
large variety of intensities were then conducted through both 
instruments at once, and at the end of one, two, or three 
minutes the circuit was broken, and the hydrogen measured 
in a graduated glass tube. The mean of ten trials, none 
of which differed materially from the rest, added to half its 
bulk of oxygen, then corrected for temperature, barometrical 
pressure and force of vapour, and reduced to weight, gave 
76 gr. of water decomposed in one hour by electricity indi- 
cated by each unit of my former quantity numbers; hence 
11-8 of these last is equal to one degree (33,2) of my present 
scale.— The dimensions of the single coil of the above galvano- 
meter are 12 inches by 6, and the deviation of its needle for 
one degree (33,2) is 34° of the graduated card. From these 
data it is easy to calculate with considerable accuracy the 
value of the indications of any similar instrument, bearing in 
mind that the electro-dynamic force produced by a constant 
quantity of electricity is directly as the number of coils and 
inversely as their linear dimensions. 

36. The quantities of electricity which were brought into 
play in the subsequent experiments, were frequently so great 
that the needle of my galvanometer (14) was brought to an 
almost rectangular position when subject to their influence. 
I have, therefore, devised a new measurer, which I flatter 
myself will prove of | 8 90 service in some cases than the 
arrangement proposed for the same purpose by Mr. Iremon- 
ger.“ Fig. 1, plate 4, is the plan of my instrument: e, e, is a rod 
of copper bent and fastened firmly to a strong wooden frame: 
m, is à magnetized cylindrical bar of steel, one foot long, and 
half an inch in diameter, supported slightly above the centre of 
gravity, (like the ordinary balance beam,) by knife-edges rest- 
ing on hard concave surfaces of steel; a scale s, is attached to 
the nearer end of the magnet, for the purpose of receiving 
the weights by which the intensity of electricity is measured. 
Lastly, r, r, is a rest, the under surface of which, the mag- 
net just touches when at zero. 7 

37. In using this apparatus, it is merely necessary to adjust 
the magnet to zero, either by means of screws, weights, or 
(perhaps the most convenient in practice) by the attraction or 
repulsion of a steel magnet kept for the purpose. Then, on 
making the necessary battery communications at c, c, the 
scale s will rise with a force estimated by the weight, in grains, 
tenths, &c., which is required to reduce it again to zero. In 
my instrument, I have found that one degree (33,2) is indi- 
cated by .69 gr. 

* “Annals,” vol. iii. pp. 413, 414. 
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38. The value of this new galvanometer, (the sensibility 
of which may be increased at pleasure by multiplying the 
number of coils,) besides its usefulness in measuring copious 
currents, consists chiefly in its perfect independence of the 
terrestrial, as well as any other ordinary magnetic influence. 
In every possible situation, provided that the intensity of 
the balance bar is constant, and that no interference is induced 
after the adjustment to zero, the transmitted current is ex- 
actly proportional to the weight lifted by the scale, and I 
should have as much confidence in working with it on an iron 
steam-boat as if every particle of iron were removed entirely 
away. 

39. I proceed now to describe my electro-magnets, which 
I had occasion to construct of very different sizes in order to 
develope any curious circumstance which might present itself.— 
A piece of cylindrical wrought iron, eight inches long, hada 
hole one inch in diameter, bored the whole length of its axis; 
one side was then planed until the hole was exposed sufficiently 
to separate the “poles” 4 of an inch. Another piece of 
iron, also eight inches long, was then planed, and being se- 
cured with its face in contact with the other planed surtace, 
the whole was turned into a cylinder eight inches long, three 
inches and three quarters in exterior, and one inch in interior, 
diameter. ‘The larger piece was then covered with calico and 
wound with four copper wires (covered with silk) each 23 feet 
long and 1-11th of an inch in diameter, a quantity which was 
just sufficient to hide the exterior surface and entirely to fill the 
inside hole. I shall perhaps be better understood on reference 
to plate 4, fig. 2, where m, is the horse shoe” on which I have 
drawn some lines to illustrate the position of the conducting 
wire, a, 1s the armature and s. s. &c., are screws with eye 
holes for the purpose of suspension. ‘This electro-magnet is 
designated No. 1, and the rest are numbered in the order of 
their description. 

40. The iron which I used in the construction of a second 
was round, and 2˙7 in. long, and half an inch in diameter. 
It was bent into an almost semicircular shape, and covered with 
7 feet of well insulated copper wire 1-20th of an inch thick. 
The poles were half an inch asunder, and the wire completely 
filled the space between them. 

41. A third electro-magnet was made of a piece of iron, 
7 of an inch long, .37 in. broad, and .15 of an inch thick.— 
Its edges were reduced to such an extent that its transverse 
section was a perfect ellipsis. This also was bent into a se- 
micircular shape ; and was covered with 19 inches of silked 
copper wire, one-fortieth of an inch in diameter. 
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42. Anxious to procure a still larger variety, I made what 
might, from its extreme minuteness, be termed an elementary 
electro-magnet. It was the smallest I believe ever constructed; 
and consisted of a piece of good iron wire, one quarter of an 
inch long and 1-25th of an inch in diameter. It was bent 
into a semicircle, and was covered by three turns of uninsu- 
lated copper wire 1-40th of an inch in diameter. 

43. The system of lerers which was used in part of the 
subsequent experiments was found to be so convenient that I 
am induced to describe it in this place, although it may not 
involve any thing essentially new.— In fig. 2. b, b, b, b, are 
beams of ash, three inches square and ten feet long, streng- 
thened by strong iron plating. These are fastened together 
in pairs, by boards nailed to their upper sides. i. i, are move- 
able iron bearings, and /, is the fulcrum, also moveable, and 
armed with iron; w, w, are strong pieces of wood which bear 
upon the levers and carry the hooks which are affixed to the 
electro-magnet No. 1, and its armature.— I subjoin some of 
the results obtained by this apparatus. The first column con- 
tains degrees of current electricity (33, 2). The second gives 
the products of the numbers in the first column and the length 
in feet of wire wrapped round the magnet; it contains there- 
fore, degrees of electric force (33,3). Lastly, the fourth ex- 
presses the weight carried in pounds avordupois. 


TABLE I. 
Electro-magnet, No, 1. (39)— Weight of iron, 15lbs; length of wire, 23 feet. 


Electricity. Elec. force. do (corrected.) Lifting power. 


S Ee 685 9＋ꝙ 2.75 
I. S. eee ee eee 14.4... .. 10 
2 Dos 8 „ 23 
3.8. eee N S 45 
8.1 86 65. 238 
10.9 280 ausesers 88. „eee, 540 
4.3. 99. 3 — 670 
9 1322 Rę- 890 
8.6 FC . 1060 
14.4 331 2 66 00 44 *. 1400 
II - T 1800 
30 8233 41 2030 


44. On one occasion the power necessary to break contact 
was 2090 lbs. or nearly nineteen hundred weight, which is I 
believe a greater weight than any magnet has hitherto carried, 
and is certainly vastly superior to the performance of any of 
the same weight; and I can shew (45. 50.) that this power 
great as it is, is not so much as is due to its peculiar shape. 
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45. The latter part of the above table was obtained experi- 
mentally before the first part, and in the mean time the 
proper insulation of the coils from the iron was destroyed by 
an accident, and not having the opportunity of refitting the 
electro-magnet, I have been obliged to supply the corrections 
of electric-force seen in the third column and calculated on 
the basis of the power obtained when the insulation was good. 
I can place great confidence in these corrections, but must 
confess that I cannot give that which I suspect to be neces- 
sary in (44), I have therefore related that experiment without 
mentioning the electric force. As however this uncertainty 
will not materially affect the subsequent observations, and 
only induces the suspicion that the maximum power of this 
electro-magnet is not yet attained, I have thought it best to 
relate that experiment (44) in the absence of the more com- 
plete data which I hope to advance in my next communication. 


TABLE II. 
Electro-magnet, No. 2, (40.) Weight 1057 gr.; length of wire 7 ft. 
Electricity. Electric-force. Weight carried. 
0.51 eee 3.57 @ee0eeee0000886 20 
1°53 @eeaeeoeense od 10:7 eeceaenneoeeo 38:5 
6'1 eseeeeoneeeeon 42-7 @esaeneeeseeeeo 49 
TABLE III. 


Electro-magnet, No. 3, (41.) Weight 65°3 gr.; length of wire 1:58 ft. 


0.42 6 60e ee 0. 66 o 5˙5 
1˙0 4 „e 158 eeen O 
2°0 Seeveeeeeeeneoessee 3°16 e 


46. With great care this small electro- magnet supported 
in one instance twelve pounds, or 1286 times its own weight. 

47. No. 4, (42.) the weight of which was only half a grain, 
carried in one instance 1417 grains, or 2834 times ils own 
weight. 

48. It required great patience to work with an arrange- 
ment so minute as this last, and it is on this account that 
the above weight is not nearly so great as it onght to have 
been, the relative power however which I obtained with it is 
far greater than any that I had hitherto seen, and is more 
than eleven times that of the celebrated steel magnet of Sir 
Isaac Newton. , 

49. It is well known that the steel magnet should necessarily 
have a much greater length than breadth or thickness, and 
that the contrary shape is attended by the confusion of the 
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poles and a general diminution of virtue, and Mr. Scoresby 
has found that if a large number of straight steel magnets are 
bundled together, the power of each when separated and 
examined is greatly deteriorated.* All this is easily under- 
stood, and finds its cause in the attempt of each part of the 
system to induce upon the other part a contrary magnetism to 
its own. Still there is no reason why the principle should be 
extended from the common to the electro magnet, especially as 
in the latter case a great and commanding inductive power is 
brought into play to sustain what the former has to support 
by its own unassisted retentive property. All the preceding 
experiments support this position and J shall give a table in 
proof of its obvious and necessary consequence,—that the 
maximum power of the electro-magnet is directly proportional 
to its least transverse sectional area. The first column con- 
tains the least sectional areas in square inches of the whole 
magnetic circuits. The maximum powers in pounds avoirdu- 
pois are recorded in the second; and these reduced to one 
square inch constitute the third, under the title of specific 
powers. 
TABLE iv. 
Least Sec Area. Max. Power. Spec. Power. 


No. 1 . 10 . .. 2090 ...... 209 
No. 2 ... 0.196... 49 . 250 
My own Electro-magnets. ] NO. 3 .. 0.0436 ... 12 . . . 275 
do. 4 .. 0.0012 ... 0.202 162 


Electro-Macnet at the “ Man- 
chester Victoria Gallery,” made 
by Mr. Nesbit: length around 
the curve about three feet; dia- 
meter of iron 21 Inches; sec- 4.5....1428 —2—＋3ð*2„» 317 
tonal area, 5.7 inches; do. ot 
annature, 4.5; Weight of iron, 
about lbs. 

Prof. Henry'st, of iron, 2-inch 
square; its sharp edges round- 
ed; weight 2llbs.; length 20 
inches round the curve. 

Mr Sturgeon’s (one of the . 


3.94. 750 . . .. 190 


exhibited in this country); 
length about one foot; diame- 
ter half an inch. 


196... 50 . 255 


50. These results are, I think, sufficient to prove the rule, 
if we make an allowance for various sources of error. No. I, 
is unfortunately made of a piece of unsound iron, and more- 
over is suspected not to have been saturated (45.), otherwise 
I have no doubt that its power per square inch would have 
approached 300, or, that the whole would have been 6 or 7 
hundred weight greater. Again, the specific power of No. 4, 


* Magnetical Investigations, pp. 37, 38. 
+ Silliman’s Journal, vol. xix. p. 404. 
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is smaller than the mean simply because of the extreme diffi- 
culty of making a good experiment with it (48.). With 
regard to Mr. Nesbit’s electro- magnet“ the battery used was 
so powerful ( 19 of Daniell’s two feet cells) and the quan- 
tity of conducting wire so very large (14 lengths of wire each 
70 feet long and about 1-14th of an inch thick), that its magne- 
tism must have been brought to the utmost possible pitch of 
intensity, which therefore excelled the mean. On the other 
hand Professor Henry’s for the opposite reason exhibits a 
specific power much below the mean. f 

51. The mean of the specific powers of No 2, No. 3, and 
of that at the Royal Victoria Gallery” may I think be 
fairly taken for the expression of the maximum magnetic force 
of iron under ordinary circumstances, which is simply stated 
by the formula x=280a where a is the least sectional area in 
square inches of the magnetic circuit (49.). 

52. Since the element of length has no place in the above 
formula and has in fact only a secondary influence laying the 
part of an active resistance (55) which it requires a large addi- 
tional force to overcome; it 1s obvious that in the direct ratio of 
its reduction, will the attractions relative to weight of iron in- 
crease. Hence the large power, in this respect, of my short 
electro-magnets. Hence, also, I have no doubt that a rela- 
tive power of 10,000 might be attained, and by increasing 
the sectional area and at the same time diminishing the length, 
or, what is the same thing and indeed the only means of its 
performance, by increasing the length and diminishing the 
diameter of the cylinder (39) of No. 1, that asingle pound 
weight of iron might be made to carry 2 or 3 tons. 

53. All this corroborates what I have before stated{ with 
regard to the proper construction of the electro magnet for 
lifting purposes, and it is well illustrated by fig. 4, of plate xi. 
in the Annals“ for last April: if, in that figure, the line 
between ö and e (which has been omitted by the engraver) be 
drawn, it will be evident that in the case of saturation when 
the magnets A and B are brought into contact, the oblique 
forces will vanish, and the attraction will consequently exis’ 
in the simple ratio of the smallest number of magnetic particle: 
opposed to each other. 


* I have had the pleasure of seeing another electro-magnet of this gent. 
man’s construction. It is short and thick, and consequently adapted for lift- 
ing a large proportional weight. 

+ His coils consisted of nine lengths of copper bell wire, each 60 feet long. 
The battery consisted of a single pair, which was certainly not sufficiently 
intense to overcome the resistance of the wire, so as adequately to effect the 
saturation of the iron. 

t Annals“ vol. iv. p. 60. 
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54. With respect to the magnetizing coils, I may observe 
that each particle of space through which a certain quantity 
of electricity is propagated appears to operate in moving the 
magnetism of the bar with a force proportionate to the in- 
verse square of its distance from the surface of the iron, and 
that when the tension or specific magnetism is the same, the 
thickness of iron on which that particle of conducting space 
acts, has nothing (apart from resistance and other foreign cir- 
cumstances) to do with the whole effect. Now it may be 
mathematically demonstrated that, such being the law; if each 
particle induce upon a large surface, the resulting magnetic 
force will not vary much with the distance, but be a very 
constant quantity for any distance which bears a small ratio to 
the dimensions of that surface. Hence it is that acoil within a 
hollow piece of iron has no power to magnetize it;* in that 
case its energy is directed in equal quantities towards opposite 
directions, the nearness of one surface exactly counterbalanc- 
ing the size of its opposite. And hence also in the case of my 
large electro-magnet, where the surfaces are large, every par- 
ticle of conducting wire would perform its full extent o day 
even if it were not quite close to the iron. 

55. When the interferences arising from tension are reduced 
to a minimum by completing the magnetic circuit and making 
use of a very small electric force, (33,3) the resistance from 
length becomes a very sensible quantity, f varying probably 
in the direct ratio of that element. Some idea of its charac- 
ter may be formed from the following table, where I have 
compared half the maximum powers of each electro-magnet 
with the electric forces (33,3) that produced them; and, by 
dividing the former by the latter, I have a third column which, 
under the title of specific power, contains the quantity of lift- 
ing power (of that degree of tension) due to an unit of elec- 
tric force. 


TABLE Y. 
Elec. forces. $ max. power. Specific power. 
No. 1. 200° . 1060lbws 5.3lbs. 
No. 2. 4s 25 — 5.5 
No. 3. 66. . .. 5.5 2 . 9.2 


56. The electric force against No. 2 is rather larger than 
the truth, on account of the greater relative distance of its 
coils from the iron: if we make on this account a slight ad- 
dition to its specific power, we shall find that the results are 
in character with the observations in 54, 55, and that thę 


„Scientific Memoirs,” Part V. p. 14. 
+ “ Annals,” vol. iv. p. 59. 
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specific powers are the same for each, after allowance has 
been made for the resistance of length. 

57. It is well known that when the galvanic circuit is 
broken, the armature is retained in its place with very consi- 
derable force. I was anxious to try the capability of my cy- 
linder. No. 1, in this respect, and have arranged my results 
in a table, the first column of which contains the degrees 
(33,3) which were cut off; the second, the lifting powers due 
to these quantities of electricity; and the third, the power 
left after the current was broken. 


TABLE VI. 

Elec. force. lifting power. retentive power. 
S8 54c0' .. 33 
9 A 16 
143 „ 10 cessa's 10 


58. There is considerable difficulty in making a good expe- 
riment with so powerful an electro-magnet as No. 1, when 
very small forces are measured. Nevertheless it is certainly 
the case that the retentive is very nearly equal to the lifting 
powcr with small quantities of electricity. Another curious 
circumstance presents itself in the very inferior retentive power 
of my electro magnet compared with those of considerable 
length. It is the natural consequence of its peculiar shape 

49). 
À “a When the whole current is not cut off, but merely re- 
duced by the interposition of a bad conductor, a surprising 
quantity of magnetism may be supported by a very small 
electric force. I subjected No 1 to 90° (33,3) a quantity ade- 

uate to bring its power up to 560 lbs., and then reduced the 
slectricity to different degrees of intensity. Here are the re- 
sults. The first column contains the degrees of electric force 
(33,3) to which the superior current of 90° was reduced; the 
second expresses the weight which is simply due to those 
quantities ; and the third gives the lifting power which the 
same quantities could support. 


TABLE VII. 
Elec. force. Lifting power. Supported power. 
S 45lbss 294lbs 
A E 23 2 210 
A 1 112 
) sass 63 
. Ä 56 


60. A battery of the size of a common thimble is quite suf- 
ficient to produce 31° of electric force, and consequently 
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to sustain a magnetic power of about 300 pounds, and it is 
easy to perceive that, by increasing the size of the electro- 
magnet and the quantity of its conducting wire, the same 
minute source could support a magnetic virtue of an indefinite 
amount. 

61. I must now conclude my remarks for the present. I 
intend, however, shortly to construct an instrument of a still 
larger amount, both of absolute and relative power, than that 
described in 39; and I will only add that the form I have 
now given to the electro-magnet is the only one which will 
permit an unlimited increase of size without diminution of 
relative power. 


Note on Voltaic Batteries. 


62. Having had occasion about a year ago to construct a 
battery of great intensity, it became a great object with me 
to devise such an arrangement of the elements as should be 
both convenient in use, and when destroyed, easily refitted. 
After trying and rejecting two or three systems, I succeeded 
in E one which answered my immediate purpose very 
well; but as I was aware that experience was the only strict 
test of its value, I have hitherto refrained from presenting it 
to public notice. Now, however, that I have worked with it 
during nine or ten months, and have found it to possess every 
quality that can be desired; I hope in describing it to give 
the same facilities to others which I possess myself. 

63. I have represented a series of three elements in fig. 3. 
A, B, is the common divided Wollaston’s trough with the 
front side removed in order to shew the inside. The black 
lines within the cells are rectangular pieces of strong sheet 
copper, bent on a gauge to the shape seen in the figure. 
Within these, z, z, z, represent plates of sheet zinc amalga- 
mated in those parts which are in contact with the dilute 
sulphuric acid, with which I always charge my batteries, and 
fixed in their places by pieces of hard wood furnished with 
grooves and extending the whole breadth of the zinc. Lastly, 
a, a, a, a, a, are pieces of square wood with holes in their 
centres to admit the screw bolt s, s, which secures the whole. 

64. When the battery is worn out, empty its trough and 
place it therein; then unscrew the bolt and remove it and 
the pieces of wood; change the old zinc plates for new ones, 
taking care in the mean time to see that those parts of the 
copper which touch the zinc are bright; then replace the 
pieces of wood a, a, &c. pass the bolt through their centres and 
screw the whole tightly together. In this way I can easily refit 
three batteries, each consisting of ten pairs, (including the 
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amalgamation of fresh zinc plates,) in three quarters of an 
hour. 

65. Of course Mr. Smee's battery may be conveniently 
fitted up on my plan. I prefer however for ordinary use an 
electro-negative element of sheet iron before either copper or 
platinized silver. In using sheet iron it is well to tin that 
„ is to touch the zinc in order to keep its surface 
bright. 

66. I have lately constructed a large battery on Mr. 
Sturgeon’s plan, and from my experience with it I am con- 
vinced that it presents a very superior arrangement of voltaic 
elements. It consists of eleven cast iron cells each one foot 
square, and 14 in. in interior diameter. With eight pairs, 
arranged in a series of four, I can raise to a full red heat 18 
inches of copper wire one tenth of an inch thick. 


Broom Hill, near Manchester, 21st August, 1840. 


XXV. Professor Van KOBELL on a new kind of Electro- 
type Engraving, by which, without the use of previously 
engraved plates, impressions in the manner of Indian-ink 
Drawings are produced.—From the Gelehrte Anzeigen 
der k. bayer. Akademie d. Wissensch. Nos. 88 and 89— 
1840. 


It was the great and, indeed, remarkable e that 
practical science has already reaped from Jacobi's application 
of the galvanic precipitation of copper that first induced me 
to make the following experiments, and which, to the best of 
my belief, are new.“ 

I allude to the precipitation of a plate of copper into the 
surface of a painting or drawing in the indian-ink manner 
the plate thus formed being capable of having impressions 
thrown off from it in the usual way. 

It was easy enough to see that if we could succeed in giv- 
ing the surface of the colour a conducting power, there 
might, of course, be formed on it a coating of copper whose 
minutest details would correspond with our drawing. The 
kind of drawing in question however, that is to say, sketching 
on a polished surface makes it necessary to work up the co- 
lours employed with some oily or resinous substance, and this 
does away with its conducting power. Neither can we apply 
a coat of black lead or other similar conducting substance, 


Most of the plates used by our English calico printers, &c. &c. are, I un- 
derstand, now produced by galvanic precipitation.—Translator. 
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masmuch as the most delicate tints and shades of the draw- 
ing would suffer from the use of the brush. 

I, therefore, set about trying to throw down a coating of 
copper into a sketch made on a plate of silver without employ- 
ing any such expedients, for as the copper precipitated by 
this process is thrown down in a crystalline form, and the ag- 

gregation of individual crystals in pure malleable metals rea- 
dily assumes the forms of plates, (inasmuch as their tesseral 
forms, when in thin films, so unite together as to form such) 
it struck me that it would be a mere matter of time to cause 
depositions on non-conducting places when interspersed and 
surrounded with good conductors. 

The experiment bore out my expectations; and drawings 
in wax, varnish, copying-ink, &c. &c. were covered with a 
deposit without any conducting power being imparted to 
them, and this not unfrequently in a very short time. I had 
frequently occasion to remark how little nodules of copper 
began forming at the centre of the non-conducting surface 
with which the lower plate was there entirely coated, these 
nodules gradually running into each other, and forming lines 
and threads by subsequent aggregation. As it always requires 
from four to five days to obtain a plate thick enough to print 
from, it is the less necessary to impart a conducting power to 
the colour for the most delicate shades, that is to say, the 
thinnest films of the paint are, for the most part, completely 
coated over by the second day, leaving but a few patches free, 
the closing up of which may be hastened by the application 
of a coat of good conducting black lead, laid on with a paint- 
brush, for the drawing in the state in which it then is, is not 
injured by so doing. Before having thus recourse to the 
brush, the plate is to be dried with bibilous paper. 

With regard to the method of forming the picture we wish 
to copy, the first thing is, that it should be painted on a bright 
plate of silver or copper.* ‘The painting is to be executed 
with a single colour, which should be laid on with the clammy 
oil used in painting on china, and which is the residuum ob- 
tained from the evaporation of oil of turpentine. By way of 
colour, we may use the red ochre of the porcelain painters, 
A solution of Demerara gum in oil of turpentine, duly thick- 
ened by an admixture of red ochre, mineral black, or some 


* Copper may be grounded with a coat of whiting, end on this, without 
difficulty, we may draw with a fine pen, using a solution of sulphuret of po- 
tassium (with the maximum of sulphur) by way of ink. The black lines 
thereby obtained may be removed while yet moist by washing, the drawing 


being, nevertheless, visibly impressed on the copper, owing to a kind of cor- 
rosive action. 
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such substance, furnishes also a colour that is pleasant to 
work, and which dries rapidly. The colour is to be so ap- 
plied that the polished surface of the metal, where left bare, 
gives the brightest lights, while those parts that are more or 
less coated furnish the shadows. It is right to observe, that 
it is noways necessary that the colour should be laid on in a 
thick coat, on the contrary, the more delicate and the finer is 
the execution of the drawing, the sharper is its re-production 
in the copper-plate, and the sooner is this completed. 

The colour, when dry, should adhere firmly to the plate, 
otherwise a thin film of copper, which nothing but nitric acid 
can remove, gets in beneath it. The surface of the colour is 
not, however, to be quite smooth; it must be fine-grained, 
otherwise the copper-plate precipitated into it will not take 
the printing ink. 

In some of the experiments I mixed up formate of silver 
with the colour, and exposed the plate to a gentle heat. 
Conducting points of silver were thus generated on the sur- 
face, whereby the eovering of the whole was hastened, but 
no such addition is, as before remarked, necessary. 

With regard to the precipitation of the copper, we may, 
for that purpose, use Jacobi's apparatus, or we may employ 
a copper trough with a parchment frame, an arrangement 
which Professor Steinheil—following up Daniell’s plan—has 
introduced, or recourse may be had to Spencer’s arrangement. 

The employment of Jacobi’s arrangement has this disad- 
vantage, namely, that when the action has been going on for 
some time, the edges of the plate become too thick, forming 
rough borders, especially towards the corners; besides, with- 
out frequently changing its position, the copper is not preci- 
pitated of equal thickness over the whole surface, and it 
requires a certain degree of practice to prevent the metal 
running out into lines and branches upon the plate. The use 
of the copper trough has, it is true, its advantages; by fre- 
quent use, however, it becomes so coated with copper that it 
is necessary to give it a new bottom on account of the wavy 
form the ‘old one assumes, besides there is more copper pre- 
cipitated by its use than the operatiou requires. The appara- 
tus that I have employed, and which I find answers the purpose 
very well, is composed of a flat-bottomed vessel of china or 
glass, and whose sides are two or three inches in height. 
A plate of copper is laid on the bottom of this vessel, having 
a strip of the same metal an inch and a half in width rivetted 
to it at right angles by way of conductor. This metal band, 
with the exception of its upper end, is insulated throughout 
by a coat of wax. 
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The dimensions of this bottom plate must be such that it 
should project about half an inch all round the plate on which 
the drawing is made, the latter being placed thereon during 
the operation. At first I connected the conducting strip of 
metal directly with the painted plate, but the edges of the 
plate thus obtained were too ragged, and this is avoided by 
the above modification of tlie apparatus. Above these plates, 
and resting upon feet about a quarter of an inch high, there 
is fixed a frame with parchment stretched across it, or, in 
other words, a tambourine. In this there are laid a couple 
of small glass rods, and on them a plate of amalgamated zinc, 
the metal being thereby prevented from coming into contact 
with the diaphragm. To establish the connexion, I make use 
of a copper plate somewhat smaller than the zinc plate; and 
resting on it, and furnished with a ribbon of copper about an 
inch and a half wide. This strip of metal either dips down 
into a channel filled with ap o adapted to the strip in 
connexion with the lower plate, or the two bands are con- 
nected by a binding screw. The employment of mercury, in 
making the connexion, requires care, for if any of it gets 
thrown into the lower plate as it lies during the operation, a 
thing likely enough to occur in inserting or withdrawing these 
strips, there is formed an amalgam with the copper to the 
destruction of the plate. It does not answer equally well to 
employ a wire in lieu of the broad connecting strip of metal, 
for on doing so we find the precipitation considerably weakened. 
The glass vessel up to the spot to which the frame when in- 
serted comes, is to be filled with a concentrated solution of 
sulphate of copper, and water moderately acidulated with 
sulphuric acid is to be poured on to the zinc plate to the depth 
of a few lines. To keep up the precipitating action of the 
fluid, crystals of des e of copper should be scattered round 
the copper plate. From time to time I renewed the upper 
fluid, and replaced the zinc plate when considerably eaten 
away. Inconsiderable deposits of copper on the parchment 
may be scratched off, but if they increase to any extent, a 
new membrane must be used. Instead of such a tambourine, 
it may be mentioned, we may employ a trough of half-burnt 
clay, porous enough to allow of the percolation of the fluids, 
but in this case the precipitation is by no means so rapid. 

By following the plan ae recommended, I have, in from 
four to six days, obtained plates four inches square, and above 
a line in thickness, and tolerably even throughout. When 
the surface is waved and uneven I withdraw the plate, and 
having dried it with bibulous paper, I file it down till it is of 
uniform thickness. I then replace it and allow the operation 
VoL. V.—No. 27, September, 1840. 2C 
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to proceed as before. Occasionally, also, 1 have covered 
particular spots with wax to allow others that were lower to 
increase to the height of the former, and the plate has then 
been filed smooth. It is advisable to direct one’s attention 
from time to time to the thickness of the metal so as to turn 
round the thinnest edges of the plate under the parts of the 
diaphragm where the action is the strongest. To endure a 
rapid and compact precipitation, it is above all things requisite 
that the selution of copper should be constantly maintained 
at the point of saturation. ‘The bubbles of air that adhere te 
the plate on its first immersion may be removed with a camel- 
hair pencil. It is only at the commencement of the process, 
that is to say, till the picture is coated over, that the opera- 
tion demands our attention. 

When the plate has attained the desired thickness, the edge 
all the way round is to be filed away, upon which, generally 
speaking, the two plates separate without difficulty. To ren- 
der the plate we thus obtain fit for furnishing impressions, all 
we have to do is to clean off with ether any particles of colour 
adhering to it. 

The impressions have the appearance of Indian-ink draw- 
ings, and the tone of colouring is extremely delicate, a fact 
the painter ought not to overlook. 

I think that the accompanying specimens will“ bear me out 
in the idea that this modification of the electrotype process is 
the more deserving of the attention of artists as it enables 
them, and that without much previous knowledge on the sub- 
ject, to throw off copper-plate impressions of any sketch or 
picture. It need scarcely be remarked, that the graver may 
be subsequently applied to a plate thus produced, supposing 
we wish to heighten the effect of any particular part of the 
engraving. From what has been said, it will be seen that 
the process is by no means an expensive one. 


Translated by 
W. G. LETTSOM, Esq. 


* We have several beautiful specimens of printing from this style of 
electro-type, which were sent to us with this paper; also one electro-type 
piate, mi the picture of a tree, from which we give a copy in the electro-type 
plate.—Eyrr. 
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XXVI.— On the Analysis of Limestones, especially the 
Magnesian kind, and a method of completely separating 
Lime from Magnesia, when both are present in large 
quantity. By RoBERT E. Rocers, M. D. and Martin 
H. Boyer’.” 


Carbonate of lime, associated with more or less carbonate 
of magnesia, forms the principal ingredient of limestones. 
In some varieties the latter substance appcars only as a trace, 
while in others, it amounts to nearly 50 per cent. of the 
mass. When the proportion of the carbonate of magnesia 
is very considerable, the rock is termed magnesian limestone, 
or dolomite, the latter name being mostly applied to the crys- 
talline varieties. Variable quantities of other substances, as 
silica, alumina, and the oxides of iron, and manganese, are 
generally associated to some extent with the above principal 
constituents. 

The Silica is usually either in the free state, in the form 
of small transparent grains of quartzose sand, sometimes im- 
palpably minute, or in chemical combination with the alumina 
and iron, (clays, &c.). 

The extensive use made of limestones in the arts and agri- 
culture, as mortars, cements, fluxes and manures, renders it 
a matter of great importance to procure a certain and expe- 
ditious process for their analysis, especially as there exists 
great diversity of opinion respecting the relative efficiency 
of the several constituents. 

We proceed to describe a mode of analysing calcareous 
carbonates, which we have found in practice both certain and 
expeditious, and, therefore, preferable, we conceive, to the 
methods generally in use, which demand extreme care and 
considerable time to furnish accurate results. The method 
here proposed, we have adopted with success in an extensive 
series of analyses performed for the geological survey of the 
state. 

The limestone is first finely powdered, when a given weight, 
about 30 grains, is digested in chlorohydric acid, in the ordinary 
way, evaporated to dryness, moistened with chlorohydric acid, 
and re-dissolved and filtered. The silica and a large part of the 
other adventitious substances are thus left upon the filter. They 
are then calcined and weighed, a correction being made for 
the weight of the ashes of the filter. These steps give the 
amount of the insoluble matter. 

The filtered solution, containing besides the lime and mag- 
nesia, portions of alumine and oxides of iron and manganese, 
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is neutralised with ammonia, avoiding an excess, and then 
precipitated with sulphhydrate of ammonium, a small quan- 
tity of which will usually suffice. When the precipitate has 
subsided, it is filtered, the funnel being covered with a glass 
plate, so as to.exclude the atmosphere, and then washed with 
water containing a few drops of the sulphhydrate of ammo- 
nium. The filter, with its contents, is then removed, pressed 
between bibulous paper, dried and calcined. The alumina, 
and oxides of iron and manganese are thus obtained together. 
When their quantity is such as to require them to be sepa- 
rately estimated, it can be done in the ordinary way. 

In determining the lime and magnesia, a fresh equal por- 
tion of the powdered mineral is employed, which is decom- 
posed by a sufficient quantity of dilute sulphuric acid, with 
the aid of heat. Water is then added so as to fill the vessel 
up to a given mark, after which alcohol of known strength is 
introduced in such proportion as to make the whole solution con- 
tain 40 or 41 per cent., (estimated by volume) of alcohol. The 
alcoholic solution of this strength“ precipitates entirely the 
sulphate of lime along with the insoluble matters. When the 
precipitate is settled, it is filtered under cover of a glass plate, 
and repeatedly washed with dilute alcohol of the same 
strength, as that previonsly employed, until a barytic solu- 
tion indicates no trace of sulphuric acid. The whole is now 
calcined, and the weight of the insoluble matters as alread 
ascertained, being deducted, we obtain the amount of sul- 
phate of lime, from which we compute that of the carbonate. 

The filtered solution now contains the sulphate of magne- 
sia, and an inconsiderable portion of the sulphates of alumina, 
iron, and manganese, besides an excess of sulphuric acid.— 
It is to be evaporated until all the alcohol is dispelled, and 
then precipitated by pure carbonate of potassa, with the pre- 
cautions usually prescribed. ‘The magnesia, alumina, and 
oxides of iron and manganese, thus precipitated, are filtered, 
washed and calcined. Subtracting from the weight of the 
whole, that of the three latter previously ascertained, we find 
the amount of the magnesia, which is to be estimated as car- 
bonate. 

The separation of the lime in the form of sulphate from 
magnesia, by an alcoholic solution, is so complete as to make 
it unnecessary to estimate directly the magnesia, except when 
we desire to check one result by the other. ‘The above pro- 

* Alcohol of this strength has a specific gravity of 0.951 to 0,949 at 600 Far 
and marks between 17° and 18° Baume. Alcohol of the shops (alcobol rec- 
tificatus Lond. Phar.) marking 544 Pennsylvania proof-has a specific gravity 
of 0.835. Five volumes of this, and 6 a 64 volumes of water, will give a yery 
suitable mixture for the above purpose of analysis. 


On the Analysis of Limestones, 205 


eess, it need hardly be said, will apply equally to the analysis 
of other substances than limestones, in which lime and mag- 
nesia abound, for we have only to precipitate these earths as 
carbonates, convert them into sulphates, and then treat them 
with dilute alcohol after the manner described. 

We present the following analyses by way of illustration: 

1. A white crystalline dolomite, from the neighbourhood 
of Montville, New Jersey. Specific gravity—2.853 

A portion, 1.469 grammes, was raised to a dull red heat, 
and the water, which was received in a tube containing chlo- 
ride of calcium, was found to weigh .007 grm. or .48 per 
cent, This small amount of water is not expelled at the tem- 
perature of boiling water. 

Two other portions of the powdered mineral, treated after 
the manner described, gave these results. 


Per cent. 
Insoluble matter . F 04 
Alumina, ox. iron, and ox. manganese e 15 
Sulphate of lime, and insol. matter . 76.09 


Magnesia, alumina, and ox. of iron and manganese 20.70 


By subtracting the insoluble matter .04 from the joint 
weight of the soluble matter and sulphate of lime 76.09, 
we get 76.05, and subtracting the alumina and oxides of iron 
and manganese from the joint weight of these and the mag- 
nesia, we have for the magnesia 20.55 

A reference to the annexed table, the use of which will be 
explained, shews that 76.05 per cent of sulphate of lime is 
equivalent to 31.54 per cent. of lime, or to 56.11 per cent. of 
carbonate of lime. | 

It also appears that 20.55 per cent. of magnesia is equiva- 
lent to 42.54 of carbonate of magnesia. ‘The result will, 
therefore, stand thus :— 


Carbonate of lime e Ea rere e 
Carbonate of magnesia......sccscccccssrecccees 529 % 42.54 
Alumina and oxides of iron and manganese. ..... . 0.15 
Insoluble matter FC 0.04 
Water r e ee . 0.48 

99.32 


Were we to estimate the magnesia in this case by the loss, it 
would be 43.22 carbonate of magn. equivalent to 20.88 mag- 
nesia, or 0.33 per cent. more than the amount found by direct 
estimation. 

With a view farther to shew that the whole of the lime is 
procured by the above method, and therefore, that we may 
safely estimate the magnesia by subtracting the carbonate of 


P adi 
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lime and other ingredients directly got from the weight of the 
mass, we subjoin the following example of a specimen found 
to contain no magnesia. 

2. A white crystalline, imperfectly saccharoidal limestone, 
from near the mouth of Yellow Breeches Creek, Susquehana 
River, Pa. 

From one portion of the powdered mineral, treated with 
chlorohydric acid, we obtained l 

Insoluble matter . . .. 2.3 per cent. 

Aawn s JI 3 

Ox. of iron and manganese . . .. none | 

Another portion treated with sulphuric acid and diluted al- 
cohol of the proper strength, gave | 

Insoluble matter and sulph. lime. .. . . .. . 133.19 


Table for calculating lime and carbonate of lime from the 
magnesia from magnesia or its sulphate* 


1 2 
Sulpbateof lime Lime | 0.41532 0 83064 
Sulphate of lime Carbonate of lime 073780 | 0.47561 
Magnesia Carbonate of magnesia | 2.07002 | 414004 
Sulphate of magnesia | Magnesia 0.34015 | 0.68030 


The first vertical column of the table contains the names 
of the substances, from a known weight of which we wish to 
compute the weight of the substances embraced in the second 
column. The figures in the horizontal lines represent the 
quantities of the substances named in the second vertical co- 
lumn corresponding to those quantities of the substances in 
the first column, which are signified by the numbers at the 
head of each vertical division of the table. An example will 
render the mode of using the table sufficiertly plain. 

In the first analysis, the amount of sulphate of lime was 
76.05. To ascertain from the table the quantity of carbonate 
of lime equivalent to this amount of sulphate, we find on the 
horizontal line appropriated to the carbonate, the quantity 
due to seven parts of the sulphate—namely, 5,16463, then 
the quantity te to six parts, namely, 4.42682, and then 
that equivalent to five parts or 3.68902. By arranging these 
in their proper decimal order, so as to impart to the several 


* This table is taken partly from H. Rose’s Analytical 1 vol. ii., 
and partly calculated for the present purpose. The principle of this method 
of calculating analytical results was irsi set forth by Poggendorf, in his An- 
nals, vol. xxi., aad has since been extensively carried out by H. Rose in his 
work just mentioned. 

+ The Table in the middle is to be read through both pages.—Eprr. 
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Subtracting the insoluble matter, 2.3, from the sulphate of 
lime and insoluble matter, we have sulphate of lime 130.89 
per cent., which is equivalent, as the table will shew, to 
96.3 per cent. of carbonate of lime. 

The amount of water as derived from a third portion was 
0.2 per cent. Our analysis therefore stands thus :— 

Composition in 100 parts— 


Carbonate of lime ree eee 90.3 
Carbonate of magnesia . e none 
Alumna essun EEE ETI ie. L2 
Insoluble matter F i 2a 
Water e e TEE scii 0.2 

100.0 


sulphate of lime, and also for calculating the carbonate of 


3 4 5 | 6 7 8 9 


. Cee, 


1.24596 | 1.66128 | 2.07660 


2.49102 2.90724] 3 32256 3.73788 
4.42682 5.16462] 5.90242] 6.61023 


2.21341 2.95121 1 
621006 8.28009 acon 12.420 13 14.49015) 16.56017 | 18.63019 


1.02045 | 1.36060 | 170075 2.04009} 2.38105 32. 72120] 3.06135 


amounts taken from the table, the value they are intended to 
have as units, tenths, hundreths, &c., and then performing 
a simple addition, we get the amount of carbonate corres- 
ponding to the whole quantity of the sulphate. 
The figures will stand thus :— 
Sulphate of lime 76.05 


51.6462 
4.42682 
. 000000 
368902 


Carbonate of lime 56.1099102 
In the same manner, 20.55 of magnesia will be found to 
be equivalent to 42.54 of carbonate of magnesia—thus :— 
Magnesia 20.55 
41.400 
00.000 
1.035 
1.03 


Carbonate of magnesia 42.538 
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As it may be sometimes convenient to evaporate the mag- 
nesian solution to dryness, ignite it, and from the sulphate of 
magnesia thus procured, compute the magnesia or its carbo- 
nate—we have introduced into the table a column to facilitate 
the calculations. 


XXVIL—Exztract of a Letter from W. Snow Harris, Esq. 
F. R. S., to Mr. W. Sturgeon. 


The simplicity and convenience of my plan of fixed con- 
ductors having been in the year 1820 generally admitted, the 
Navy Board were led to institute some further inquiries into 
the general effects of lightning on ship-board, and I was 
called upon to shew that the connexion of my conductors 
with the sea through the metallic masses in the hull was in no 
way detrimental to their action, or liable to objection as in- 
volving any danger to the vessel—the electrical discharges 
might as safely become dispersed this way as by a lightning 
chain hung in the rigging, perhaps more so, considering that 
these conductors were massive and continuous, and linked 
with the various metallic masses in the hull and sea into one 
general whole. 

I was further called upon to explain what had been the or- 
dinary course of lightning on ship-board, and what would, in 
all probability be the effects of electrical discharges upon my 
conductors. l 

In order to meet the views of the officers of the Board, as 
made known to me at that time, I naturally enough resorted 
to such practical experiments and observations as were within 
my reach, and calculated to bear immediately upon the points 
in question : I cited numerous instances of ships struck by 
lightning, in which heavy discharges had been safely trans- 
mitted to the sea through the intervention of the keelson bolts 
and other metallic bodies passing through the hull, and which 
were shewn to have been of such frequent occurrence as to lead 
to a common observation among sailors, recorded in the Phi- 
losophical Transactions, that when the lightning had reached 
the well the danger was over. By way of shewing the opera- 
tion of my conductors through the hull, I resorted to the ex- 
periment you first loosely notice—strong charges from twenty- 
five square feet of coated glass were passed over a vessel’s 
masts, fitted with the conductors, so as to shew the perfect 
facility with which the charge pervaded the hull and the sea 
at the same time : the charge was adequate to the fusion of 15 
feet of small iron wire—percussion powder was placed over 
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the joints of the conductors on the mast, and the sliding masts 
were put in motion at the time of the passing of the charge, 
and placed in different positions at each repetition of the ex- 
periment. I believe, any one must perceive, that the experi- 
ment shewed—lIst, The perfect operation of the conductor 
through the hull. 2nd, Its continuity. 3rd, Its complete 
operation, under every possible position of the mast, which 
was required to be done. 

You, however, shut your eyes to these plain deductions, 
and tell your readers that the experiments prove nothing 
peculiar to my system of conductors, and serve only to 
shew that copper is a conductor of electricity, and that 
detonating powder can be ignited by an electric spark; 
and this is what you call giving “a fair and candid ex- 
planation of my experiments before the Navy Board at 
Plymouth.” Now, I never asserted that any other conductor 
would not convey an electrical charge to the sea. My expe- 
riments were never instituted under such an impression: they 
shewed, however, the continuity of the copper plates along 
the masts in the way I had disposed them ; for had detonating 
powder been placed in a similar way about the conductors then 
in use, it would have inflamed, if exposed to a similar charge. 
These experiments were subsequently carried out in the 
‘Thames, opposite Somerset House, and again at Plymouth, 
on a very extensive scale, and in various ships of the navy, 
and were admitted by all who witnessed them to have an im- 
portant bearing on the question of marine lightning conductors, 

You inquire, whether you have not pointed out other expe- 
riments with which I ought to have made the Navy Board 
acquainted? Do you, then, really imagine that the simple 
facts to which you allude, and which are known to every tyro 
in electricity, were not also well known to the officers of the 
Board ? | 

Are you serious, when you say, I ought to have shewn the 
officers that a wire heated RED-HOT by electricity would ignite 
gunpowder ? and that an interruption in the conductor, by a 
cut of a saw, would cause an electric spark in the opening? 
However ignorant you may suppose the officers of the Board 
to have been of this subject, they certainly understood the 
matter very much better than you appear to do; they did not 
require such horn-book information: they entered very fully 
into the merits of the question, and left no point unexplored. 
They required of me information respeeting the relative con- 
ducting powers of different metals; their respective resistance 
to fusion by electricity; the ratio in which they became heated 
either by the same or different quantities of electricity ; the 
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quantity required to heat wires of different diameters to the 
same degree, &c. &c. Experiments for the perfect elucida- 
tion of which, in meeting their views, I was obliged to invent 
new electrical apparatus, and exhibit the results in a way not 
before done. 

I come now to the experiment you have characterised as 
shewing nothing more than the effects of gunpowder “blowing 
asunder two pieces of wood.” This experiment was made to 
meet the inquiries of the Board as to the effect of a conductor 
incorporated with the mast, in confining the discharge to its 
surface, and preventing it from entering the wood. 

My first illustrations were confined to small models about 
four or six inches in length, which could be splintered by the 
force of a heavy battery, and saved from damage by the appli- 
cation of metallic leaf along the surface; but being desirous 
to exhibit the same result on a larger scale, and shew how 
completely the surface conductor directed the charge without 
entering the interior, I tried the experiment under new and 
very delicate circumstances. A model of a mast, about ten 
feet in length, was made in parts, and an interrupted line of 
metal passed through it, percussion powder being placed in 
the interruptions ; a continuous conductor was attached to its 
exterior, and both connected at a common point of junction 
outside the model, so as to give the electrical shock the choice 
of passing in the direction of either or both. In no case did 
the heaviest explosion enter the mast whilst the exterior con- 
ductor remained. In fact, it was safe both from a direct, and 
what you call a “lateral discharge.” This result being first 
exhibited, the superficial conductor was removed, and a simi- 
lar charge passed in order to shew by the explosion of the 
powder within, that the reason of its failing to explode in the 
pies case, was owing to the presence of the exterior con- 

uctor. 

Now this result, bearing so directly on the application of 
conductors to the masts, and which every one will, I imagine, 
deem conclusive and fair, you briefly carricature as the “ blow- 
ing asunder two pieces of wood by gunpowder,” and accuse 
me of endeavouring to persuade the British Association that it 
is a “ fair representation of the effects of lightning on a ship’s 
mast; and this you call also an “explanation” of my ex- 
periments. I can only account for such gross misrepresenta- 
tion by supposing what, I believe, is after all, not far from 
the truth, that you are really ignorant of the subject on which 
you have attempted to write. 

Thus in sec. 202 of your memoir, you say, “this kind of 
lateral discharge will always take place when the vicinal bodies 
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are sufficiently capacious and near to the principal conductor 
which carries the primitive discharge, or to any of its metallic 
appendages ;” and in sec. 198 and 199 you say, that with a 
small jar of a quart capacity only, you can produce lateral 
discharges, half-inch long, and at a distance of 50 feet from 
the direct discharge. That a discharge from such a jar would 
IMITATE a flash of lightning striking a similar conductor on a 
mast.” In my experiment, which you so much abuse, we 
have actually all the conditions you yourself point out as es- 
sential to the exhibition of your own results, supposing them 
to be according to the course of nature. How then does it 
happen that we can pass the heaviest “ primitivedischarges” 
along the exterior conductor without in any way effecting the 
detonating powder within? If what you say be true, the 
model should be blown asunder in consequence of the dis- 
charge passing down the exterior conductor. However much, 
therefore, you may choose to detract from this experiment, it 
is by your own admission consistent with the course of nature, 
What would you have more ? 

These experiments, to which you have alluded, form only 
a part of those originally employed—-there were a great variety 
of others, such as the dispersions of strips of leaf gold in cer- 
tain directions only, when placed in the same relative position 
as the conductor on the mast—the expansive effects of the 
charge on various bodies—fusion of wires, and such like. In 
short, the series was as complete as could be desired: the ex- 
periments were examined by a Committee of the Royal Society, 
by Sir Humphry Davy, Dr. Young, and Dr, Wollaston; the 
latter eased minutely into the matter, and in a letter to the 
Comptroller of the Navy, gave them his unqualified approba- 
tion. J suppose Dr. Wollaston’s judgment will be considered 
at least equal to your own. 

You will excuse my entering into the detail of my kite ex- 
penments. Having been for the last ten years an observer of 
atmospheric electricity, and having had an atmospheric con- 
ductor leading into my study, it would be remarkable, indeed, 
if I had allowed the common electrical kite to have escaped me. 

Do you wish “ to persuade yourself” into a belief that your 
occasional amusement with this piece of philosophical appa- 
ratus entitles you to become a philosophical dictator ? 

With whatever self-complacency you may regard your em- 
ployment of the kite, the effects you mention are very common- 
place, and are as distinct from the effects of a concentrated 
flash of lightning striking a ship, in the way described by 
Lieutenant Sullivan, of the “Beagle,” as it is possible to be. 

You ask me to what kind of electrical action I attribute the 
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‘bursting of the hoops in the “Rodney,” &c. To no electri- 
cal action at all, properly so called; but, as Priestly has 
already shewn, to the effects of sudden expansion. He says, 
“the cause of this dispersion, &c. &c. of bodies in the neigh- 
bourhood of electrical explosions is not their being suddenly 
charged with electrical matter, but the air being displaced 
suddenly, gives a concussion to all bodies that may happen 
to be near.” Did you never see such effects illustrated by ar- 
tificial electricity? Why, even children who use an electrical 
machine as a toy, are acquainted with the propulsion of a small 
ball from an ivory mortar, by the expansive force in the sur- 
rounding air caused by a dense spark. Surely, the experi- 
ments detailed by Cuthbertson, to shew the bursting open of 
wood and other bodies, by the expansive effects of the elec- 
trical explosion, must be known to you. 

One would almost imagine by your putting such a question, 
that you were really uninformed upon some of the commonest 
experiments in electricity. 

Your question, whether I think it “more prudent to lead 
lightning into a ship or keep it out,” is a plain piece of sophis- 
try. If meant as an argument against my method of equalizing 
the electrical action upon the general mass of the hull and 
sea, is as deficient as any thing can be. It is, like many other 
similar efforts in your memoir, a deceptive and sorry appeal 
to the fears and prejudices of the IGNORANT, by imposing 
upon their credulity, and leading them to imagine that my 
conductors lead lightning in an explosive form into the ship, 
and deposit it there as so much cargo, than which nothing 
can be more fallacious: almost every one acquainted with elec- 
tricity knows, that the great use of a lightning conductor is to 
equalize, in a rapid way, dense electrical discharges, and so 
rob them of their explosive power by taking down their ten- 
sion. 

So far, therefore, from my conductors leading lightning into 
the ship in the way you would have it supposed, they virtually 
come under the “prudent part” of your question, and keep 
off the explosion altogether, by depriving the charge of its 
mischievous tendency directly it strikes any where upon the 
conductors aloft. Now, it should never be forgotten as an 
important feature in this discussion, that whenever we set 
set up an artificial elevation on the earth’s surface we do, in 
fact, set up a conductor of electricity, that is to say, a light- 
ning conductor. The masts, themselves, therefore, are already 
lightning conductors, passing necessarily into the body of the 
vessel, and upon these discharges of lightning will fall, whe- 
ther detached metallic bodies be present or not, or whether 


ney 
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they be furnished with metallic conductors or not: this is 
proved by experience. The mast of a ship from its position 
alone, necessarily determines a discharge of hghtning upon 
the hull. Now, by perfecting the conducting power of the 
masts, and connecting them with all the metallic masses in 
the hull and with the sea, we so complete the conducting 
power of the whole, that an instantaneous distribution takes 
uae in al] directions, directly the explosion strikes the mast 

ead, and the electricity is changed immediately, from a dense 
form, into electricity of comparatively little tension. 

Now with respect to the actual results of the trials of my 
conductors. Have not these conductors, been tried in 12 
ships of the navy for as many years? have not these ships 
been in all parts of the world? have they not all been exposed 
more or less, to severe storms of lightning ? 

Do not some of the officers who commanded them, and 
others, experienced men, insist on the fact of their ships 
having been struck by lightning in the usual way without dam- 
age? Convinced of the protection my conductors afford, 
have not the captains of ships fitting for service, repeatedly 
applied to the Lords of the admiralty to be funished with them ? 
Can you point out any instance, in which inconvenience or 
damage has arisen in these ships during this lapse of time? 
The main argument of your queston, therefore, is really 
answered by the results of experience; if you have not any 
good fact to oppose to these, of what avail is any theoretical ob- 
jection to the use of my conductors you may find it CONVENIENT 
to set up. It must be quite apparent, that my method of de- 
fending shipping from lightning is based on admitted princi- 
ples in science, and is, consequently, as free from theoretical 
objection as any other method. A lightning rod as a defence 
from lightning, is, under any form, nothing but a means of 
rendering more efficient the conducting power of the general 
mass—so as to admit of such intense discharges being readily 
dispersed, which would otherwise by causing an explosive 
expansive force, produce damage. 

According to the Experiments of the learned Mr. Cavendish, 
the chances of escape kom Lightning isin this way, increased 
by at least four hundred million to one, even with a conductor 
of iron. 

The letter in your Annals, sighed W. Pringle Green, is 
really not worth my notice. His ndiculous queries have been 
so often before the public so often answered, that I cannot 
really notice them again. I must decline all intercourse with 
him in the shape of correspondence, and for this plain reason 
Il cannot place the slightest confidence in any thing he 
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advances. But, lest I should be thought harsh in making this 
assertion without apparent truth, I will give a few examples of 
his respect for accuracy, and I will leave it even to your “can- 
dour” to say how far I am right. 

Ist. In the Mechanic’s Magazine, vol. VIII, page 286, and 
in other places, Lieutenant Green states that the conductor of 
St. Paul's Cathedral, the largest ever put up, was, by a moderate 
flash of lightning, heated red hot, and therefore judiciously 
removed as DANGEROUS and USELESS. 

That the conductors of St. Paul’s church have been removed 
is a most shameless assertion. Neither have we good evidence 
for supposing it to have been made red hot—this I have shewn 
in my papers in the Nautical Magazine—at all events, if it 
had been, it could not have been from a moderate stroke of 
lightning, as stated by Mr. Green. 

2nd. In the Mechanics’ Magazine, vol. viii. page 13, and 
in a variety of other places, such as the public newspapers— 
in a pamphlet by himself, Lieutenant Green states, H. M.Ship 
„Kent“ and “Perseverance” were struck by lightning and 
damaged, although having conductors at the time. In the 
“Kent,” he says, three men were killed and several wounded, 
and the masts much damaged, At this time, he says, “two 
conductors were up, and there were more than 20 sail of H.M. 
Ships in company, and near the Kent, without conductors, 
none of which were injured.” Not finding a word about the 
conductors in the ship’s log, I remonstrated with Lieutenant 
Green on the subject, when he again repeated the assertion at 
page 287, where he says, that he named the captains of the 
ships, and that “more than one hundred officers and a thou 
sand seamen witnessed the fact.” | 

The subject having been investigated by the Admiralty Com- 
mittee, it appeared by letters from Captain Godfrey of the 
navy, and Admiral Cardon, the former in the “ Kent” at the 
time, the latter in the “Perseverance,” that these statements 
made by Lieutenant Green are utterly unfounded. Captain 
Godfrey says, that the Kent usually had the conductors up; 
but having been damaged, they had been laid aside. Admiral 
Cardon, who was in the Perseverance, also affirms, that they 
had not a conductor in the ship, Lieutenant Green talks 
of “imposing gross deceptions on the naval service and the 
public.” Pray, what does he call this? 

3rd. In his letter in your last Number, page 230, he refers 
to the Naval Chronicle, vol i. page 201, as evidence to shew, 
that my plan has been copied from Mr. Marrot. Now in the 
first place, there is no mention made there of any such person ; 
and secondly, the memoir to be found there by the celebrated 
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Frenchman Le Roy, does not contain one word about lightning 
conductors fixed in the masts. | 

4th. In the same letter, and the same page 330, Lieutenant 
Green says, by my representation of these facts, the existing 
Board of Admiralty, countermanded the Navy Board’s order, 
&c.“ In other places e. g. in his pamphlet above-mentioned, 
in the Mechanics’ Magazine, 288, he takes credit to himself 
for having through his influence with the Board of Admiralty, 
caused my plan to be laid aside. In order to ascertain if such 
were really the case, I wrote lately an official letter to the 
Board, referring to Lieutenant Green’s assertion in your work, 
and in other places. The following is the copy of the letter 
received in reply :— 

Admiralty, 6th March, 1840. 

SIR, —In reply to your letter of the 3rd instant, I am com- 
manded by the Lords, Commissioners of the Admiralty, to 
acquaint you that it does not appear by the records of this 
office, that their Lordships were in any way induced to lay 
aside your lightning conductors, by any representations of 
Lieutenant Green, or any other persons, and that that officer 
is not authonzed to make such statements.* 

I am, sir, your humble servant, 


W. SNOW HARRIS, Esa. Signed, JOHN BARROW. 


5th. Lieutenant Green states page 232 of your last number» 
and elsewhere, that my conductors are led through the after 
magazine t—this he has always insisted in, and has given a 
drawing to that effect. Will any of the thousands who have 
been at sea in the ships fitted with my conductors say that this 
is true ! 

These are a few of the numerous deceptions which appear 
in Lieutenant Green’s productions. I do not think it worth 
while to cite any more. A brief notice of his style of reason- 
ing and J have done. , 

In the Mechanic’s Magazine, vol. viii. page 14, in order to 
shew the danger or conductors, he states, that the setting up 
of certain pointed rods in Lausanne, in 1825, was the cause 
of a terrible storm which happened there in 1824—that is just 
one year after the storm happened. This logic is based upon 
extracts from newspapers, in which the dates are given, and 
by what he calls an explanation in page 285, he makes the 
storm happen three years before the rods were set up, which he 
says was the cause of tt. 

* See Mechanic’s Magazine, vol. VIII, page 237. l 

+ Whatever might be the cause for discontinuing Mr. Harris’s conductors 


in several men of war which had been furnished with them, it is a fact that 
such was the case, as will appear by the appendix to this letter.—Epr. 
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In a newspaper called the Nautical Register, in which he 
wrote against my conductors in 1822, amongst a most luxu- 
riant variety of contradictory matter, he has this remarkable 
passage: The following statement will bear me out in what I 
bave advanced, that no man ever did, or will exist, who can 
invent anything to guard ships from the direful effects of 
lightning.” He goes on to say :—* In the year 1801 or 1802, 
H. M Ship Cleopatra was at anchor about 30 miles from Vera 
Cruz; early in the evening it commenced to rain, with thun- 
der, &c. The conductor was ordered by the captain to be 
hoisted at the mizen mast head, and from the time of its being 
hoisted until the morning did streams of electric fluid con- 
tinue to run down it into the sea.” Well, was the ship in- 
jured? Not in the least. Still this is to prove no man did, 
or ever will invent anything to guard ships from the direful 
effects of lightning!!! 

I am, Sir, your obedient servant, 
WILLIAM SNOW HARRIS. 


Plymouth, March 10, 1840. 


i APPENDIX. 


Copy of a correspondence with Rear Admiral Warren, Admiral Superintendent 
of the Plymouth Dock Yard. 


« Plymouth, 13th March, 1838. 
c Sir, 

“ As several of her majesty’s ships fitted with my new lightning con- 
ductors have been paid off at Plymouth, and their spars returned to the dock 
yard, I should be much obliged by your informing me whether the conductors 
still remain inthem? Whether any having the conductors have been re-issued ? 
Whether, in the case of their having been removed from any cause, they have 
been refitted in another ship, or have been duly set aside for that purpose? as 
also, whether any spars with the conductors in them are yet remaining in 
store. 

“Tam, Sir, 
« Your very obedient servant, 
W. Snow Harris.” 


wsi “ Plymouth Yard, 16th March, 1838. 
Ir, 

“ As requested by your letter of the 13th instant, I beg to enclose 
to you a report of the particulars therein required, respecting the spars in 
store, fitted with lightning conductors, on the plan suggested by you. 

“Fam, &. &e. 


(Signed by the Admiral Superintendent.) 
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Plymouth Dock Yard, 15th March, 1838. 

“ Sir 

” «In reference to the questions contained in Mr. Harris’s letter of 
the 13th instant, I beg to state :— 

« Ist. That the conductors in the spars of ships paid off at this port have 
been removed, with the exception of five top-gallant masts returned from the 
Forte, which are now in store, the conductors remaining in them. 

42nd. No spars have been re-issued with the conductors remaining fixed. 

“ 3rd. The conductors which have been removed, from whatever cause, 
have not been refitted to other ships, but returned into store in common with 
other old copper. 


« Mr. Harris’s fourth question appears to be answered in the first para- 


graph of this memento.” 
“ (Signed) 7 F. Hawkes. 


. Shaw.” 
* To the Master Shipwright.” 


In consequence of this correspondence, I addressed the following letter to 
Sir J. Barrow, who had previously favored me with an interview on the 
subject. 


“ Plymouth, 10th March, 1838.” 
“ My dear Sir, 

“I wrote to admiral Warren soon after my return. You will 
soon see by the copy of the correspondence herewith transmitted, that the new 
lightning conductors have been, with a few trifling exceptions, all torn out of 
the masts and thrown by in a somewhat contemptuous way as old copper: 
thus, the plates which might have been very well replaced in other ships, 
have not even been taken care of. The correspondence with admiral Warren 
is very brief, and will not cost you five minutes attention.” 

44 After the explanation you were so good as to favor me with respecting 
conductors, I cannot but believe you would wish to have me fairly dealt by in 
this matter; and I should hope that the Board would not, on a review of the 
facts, treat me ungenerously. Let us then see in as few words as possible how 
the matter stands in relation to the Admiralty, the country, and myself.” 

Ist. It is an admitted fact, that ships may be burned and destroyed by 
lightning ; the logs of the navy shew that this is by no means improbable, and 
that some missing ships may have perished from this cause. ey exhibit a 
loss of life, of a and loss of services of ships at critical periods, not 
generally appreciated : well then, this subject has been deemed of sufficient 
consequence to engage the attention of scientific persons for more than half 
a century, and some steps have been taken to palliate the effects of lightning 
on ship board. The methods proposed have been inadequate in some way for 
the damage has continued up to the present time; notwithstanding that 
buildings on land have been protected from this source of danger.” 

“2nd. In the year 1820 I investigated Bde te this question, and shewed 
how the fixed continuous conductors of Franklin might be rendered available 
on ship board, and how by a perfect system of conduction throughout the hull, 
all the protection which could possibly be obtainéd from admitted scientific 
priciples, would be arrived at.” 

“3rd. My poe were eventually carried into effect in eleven ships of 
the navy, and the results has been as perfect as could be hoped for. The 
written testimonies of officers in command of the ships, prove that they have 
been exposed to heavy thunder storms; that they have been actually struck 
by the electric fluid, without in any case receiving the slightest damage: thus, 
not only shewing that the conductors are unobjectionable, but actually 

useful.“ 

„ 4th. The conductors not only stand upon this, but they are supported by 
the avowed opinions of some of the most talented men in science the country 
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has to boast of : almost every naval officer, to whom the conductors are known 
is desirous to have them, and many have applied for that pazpose ; and this 
feeling prevails even with the sailors who were at sea in the ships fitted with 
them, as, for instance, in the Beagle and Dryad.” 

“ 4th. In the face of all this how does the matter actually stand at this pre- 
sent instant? why thus, the ships in which the conductors were fitted. have 
been nearly all paid off, the plates, Have been commonly torn out of the masts, 
and thrown by as old copper, and no notice taken of it. A great national ex- 
periment has been abandoned, and the results lost to the country, without any 
assignable reason, without enquiry. An experiment of great consequence to 
our commercial and naval prosperity, and one which has occupied the atten- 
tion of the scientific part of Europe for upwards of 70 years.” 

Can the affair possibly rest here; I am sure this could not be the serious 
intention of the Board ; nevertheless, such is the actual state of the question 
in relation to the Admiralty and the country.” 

“6th. In respect to myself, I must necessarily feel the circumstances above 
detailed to be very severe, and uncalled for by any thing on my part: it is 
always difficult to speak of one’s self; there are however some cases in which 
we are called upon to do so; this appears to be one of them; and if it be 
done with becoming diffidence, I trust you will excuse it.” 

“It is well known, that so far as ability has enabled me, I have for many 
years cultivated with great zeal, experimental science ; and have not spared 
time, toil, or money, in doing so, as I believe my papers in the ‘ Philosophical 
Transactions’ fully shew ; indeed, the Royal Society marked their sense of 
my contributions to the pages of the ‘Transactions,’ by awarding me their 
Copley medal in 1835. Many of my researclies in electricity and magnetism 
have been of practical advantage to the navy ; I may claim therefore, at the 
hands of the Board some little attention.“ 

“ Now, in perfecting the application of conductors in ships, I have incurred, 
not only a very serious responsibility, but a very heavy expense. You can- 
not but believe, that if any damage had happened, either to the ships fitted 
with the conductors, or even to the buildings at the Victualling office at 
Plymouth, (which I should remark, were protected from lightning under m 
direction,) I must have been the person held responsible with the public. Is 
it right that one who successfully labors to promote the national science, 
and whose services have been advantageously used for the general good of the 
navy, should be passed by with coldness and neglect? Here are these con- 
ductors, notwithstanding the many documents and facts conclusive of their 
value, thrown unceremoniously aside as old copper, and no notice taken of it: 
surely, without any claim I may have the consideration of the Board on the 

ound of general science, this it must be admitted has the appearance of 

ealing somewhat unjustly by me. I cannot but believe, that in stating 
thus freely all I have to say to you, I am appealing to one who has himself 
done much for the literary honour of our country, and who, anxious for the 
advancement of natural knowledge, must necessarily feel well-disposed to 
promote an enquiry into such acase. When we consider the resources of this 
powerful nation, and how much its interest is involved in its naval and com- 
mercial prosperity, it surely cannot be on account of a thousand or two pounds 
that an invention of practical advantage to the navy is laid aside.” 

“ I trust you will be so good as to bring this matter under the consideration 
of the Board, and will do me the justice to believe, that I desire nothin 
which may not come fairly and openly before the country, without any kin 
of reservation whatever.”’ 

“ am dear Sir, &c. &c. 


W. SNOW HARRIS. 


Sir John Barrow made a courteous reply to this communication: the mat- 
ter, however, eventually terminated in nothing more than the fitting of the 
Acteon, without my knowledge, in the way before explained, sec. 19, page 13. 
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Copy of correspondence with the Admiralty, on the subject of an extract from 
a report on the new conductors to the Admiralty, from the Officers 
of the Plymouth Dock Yard. 


85 “ Admiralty, 12th December, 1837. 
Ir, 

s“ With reference to former correspondence upon the subject of your 
lightning conductors, I am commanded by my Lords Commissioners of the 
Admiralty to transmit to you the accompanying extract of a report from 
Plymouth Dock Yard, relative to the state of the masts of the Caledonia, in 
which the conductors were fitted. 


“Tam, &c. &., 
“C. WOOD.” 


„-W. Snow Harris, Esq.” 


Extract of a report from the Officers of Plymouth Dock Yard, dated 6th 
December, 1837. 


“ We beg to acquaint you that the conductors have been removed from all 
the spars returned from the Caledonia; that the main-top mast has been con- 
verted to a brig’s main-maist ; the fore and main-top ant masts have been 
appropriated to jury gear; and that owing to the scores left in the spars by 
a viele of the conductors, it will be necessary ta reduce them before they 

re-issued.” 


98 “Plymouth, 16th December, 1837. 

ir. 
” «J feel much indebted to the Lords Commissioners of the Admi- 
aT for the extract of the report from the Plymouth Dock Yard, relative 
to the state of the masts of the Caledonia, fitted with my lightning conduc- 
tors; and hope to be permitted to offer the following remarks on it, which 
their lordships will, I trust, take into their candid consideration. 

« I find on inquiry, since I was honoured with their lordships’ communica- 
tion, that when the Caledonia was dismantled :— 

“lst. That her three working top-masts, having been in the ship for more 
than seven years, were so rubbed in the caps and otherwise worn, that they 
were not considered fit for further service. 

“2nd. That no kind of defect was discovered arising out of the application 
of lightning conductors; that so far as the conductors were concerned, the 
masts might have been again used. 

“ We learn, therefore, from these facts, that the conductors remained per- 
fect in the masts’up to the time of the masts being considered no longer ser- 
viceable, and that since the plates of copper were still good, they might, 
consequently, be re-applied to other masts of the same dimensions; without 
any new expense except in labour. 

“3rd. That the three spare top-masts, at sea in the ship for more than se- 
ven years, were returned into the store as serviceable top-masts, and might, if 
they had been permitted to remain in the same state in which they were re- 
turned, have been re-issued, either to the Caledonia or to another ship of her 
class, without the necessity of any alteration whatever. That for some rea- 
son not explained, the plates were taken out of the masts, and, of course, as 
a necessary consequence, the shallow groove in which they were inserted left 
exposed. 

EAs these spars were never intended to be used without the conductors, any 
reduction contingent upon their removal was a matter of choice, such removal 
quite uncalled for. ; 

“u would still, however, respectfully submit to their lordships, that even 
although the plates should be removed, a reduction of the spar is not abso- 


220 Mr. W. Snow Harris's Letter to Mr. W. Sturgeon. 


lutely 5 ſor if an oak batten was inserted in the grove, in place of 
the copper, and the whole planed off fair with the round of the mast, I am 
prepared to shew that the spar would be as serviceable as at first. 

“ Admitting, however, that the spar must be reduced, it is still not neces- 
sary to do more than pair off the small projection of the groove, (which is, after 
all, very little more than a quarter of an inch in depth,) the diminution of 
otha Sop by this is really inconsiderable, and the mast might still be re-issued. 
The Spartiate’s jib-boom, for example, was re-issued in this way, and, I be- 
lieve, answered well. 

“4th. That in the conversion of the top-mast to a brig’s main-mast, the 
requisite reduction carried all round the spar was not so great on account of 
the groove as was found necessary to bring the spar down to the required size. 

“Should it ever be requisite to convert a top-mast once fitted with my con- 
ductors to any other purpose, the necessary reduction is always much more 
than is contingent upon the groove for the lightning conductors. 

“Their lordships will, I am sure, allow, that if after more than ‘even 
years, the wood was, on the removal of the copper plates, found so perfect as 
to admit of the mast being converted into so important a spar as a brig’s main- 
mast, we have not much to complain of on account of the application of the 
conductor. 

“& I would in conclusion respectfully call their lordship’s attention to the 
fact, that out of eleven ships fitted with the new conductors, few, I believe, 
now remain in commission, except the Beagle.“ That although on bein 
dismantled, their spars, with the conductors in them, remained perfect, nd 
so far as the conductors were concerned, fit to be re-issued, yet, in several 
instances which have come to my knowledge, the conductors have been taken 
out of the masts, and the masts used for various purposes. I have no doubt 
the mast makers can explain why they have been led to do this in many cases, 
but why they have done so in others does not immediately appear; as no com- 
plaint has ever been made of the conductors so far as the masts were concerned, 
and that without any additional expense to the country tho serviceable masts 
might still have been applied in the same way, and many ships been fur- 
nished with this protection from lightning.” 

It is well known to their lordships that the Beagle was full five years on 
service, and that yet she has gone to sea with the same spars and conductors 
in them, on an equally long voyage, with the exception of new top-gallant 
masts.” 

“ I cannot but respectfully bespeak their lordships’ attention to these facts.” 


“« And remain, Sir. &c. &c., 
WM. SNOW HARRIS.” 
4 To Charles Wood, Esg., M. P., &c., &c.” 


XXVIII. Mr. W. Srurceon’s Letter to W. Snow 
Harris, Esq. F. R. S. 


Sir. —I hope you will acknowledge that I have given pub- 
licity to every part of your letter, that can possibly be useful 
either to yourself, or to the cause of your marine lightning 
conductors; to have published the 8 part of your letter, 
could have answered no laudable purpose whatever. I can 
have but very little to say in reply, as the opinions which I 
have already entertained, and which are already before the 

ublic, are not in the least affected by any facts which your 
leder contains. Your answers to the queries in my letter are 


* That is to say, in which the conductors still remain perfeet. 
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partly satisfactory and partly otherwise. Your explanation of 
the expansive effects of lightning are perfectly satisfactory, 
because you necessarily admit that lightning was the primitive 
cause, which admits of the correctness of all I have said res- 
pecting a lateral discharge of the first kind.* 

Your explanation of the reasons which led you to proceed 
in the manner you did with the experiments at Plymouth, 
before the Navy Board, appear to me anything but satisfactory. 
That your conductor on board the Louisa cutter, was perfect 
enough to carry those electric charges which you transmitted 
through it, there can be no doubt whatever; but, that it shewed 
any peculiar advantage of action over other conductors I must 
still deny; although you say that, J shut my eyes to these plain 
deductions, and tell my readers that the experiments prove 
nothing peculiar to your system of conductors, Sc.“) Now 
his sentence of yours, obviously implies a claim of some pecu- 
har advantage of your system of conductors being demonstrated 
by those very experiments, and a censure upon me for not 
telling my readers that such was the case. Had I said anything 
otherwise than that which I did say respecting the character 
of the Plymouth experiments, I should have told my readers 
an untruth; and J think that not only my readers, but your 
readers also, will see pretty clearly, that I was perfectly cor- 
rect, in stating that “ those experiments are no more illusta- 
tive of the efficacy of Mr. Harris's system than of any other 
ever yet offered to public notice,” when I point out to them 
your own words on this matter, which are the following. 
“ Now I never asserted that any other conductor would not 
convey an electrical charge to the sca. My experiments were 
never instituted under such an impression.”* I am sure that 
both of our readers will be much pleased to find that you 
have so ably set this matter at rest. l 

With respect to the “horn book”t work which you speak 
of, I have no means of knowing anything further than that 
which the character of your experiments indicates, which, to 
an electrician, would not appear very conclusive. And the 
reason you have given for employing gunpowder to show the 
effects of lightning on a ship’s mast, are quite . 
Had you continued your illustrations on the small model, 
which for the first time, you now speak of, they would have been 
perfectly satisfactory. It is an old experiment and quite con- 
clusive ; but I must certainly still indulge in the opinion that your 
gunpowder experiment was not only quite out of place, but 


è Fourth Memoir, paragraph 139, page 174, vol. iv. of these Annals. 
+ Fourth Memoir, page 166, vol. iv. of these Annals, 
ł Mr. Harris's letter, page 209. of this Number. 
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tended to give a false idea of the nature of the action by which 
masses of wood are cleft by flashes of lightning. 

I am of opinion, also, that you are led into error even 
ce under the new and very delicate circumstances” by which 
you “tried the experiment.”* For if the detonating powder 
did not fire in the interrupted part of the circuit, by your ex- 
periment, that can be no very decisive reason why it should 
be so extremely obstinate in other hands. The “horn 
book” informs me that each branch of the conductor will carry 
a portion of the charge if sufficiently powerful, and the inter- 
ruption in one branch of the conductor be only small. 

Your view of my “lateral dischage” at a distance of 50 
feet from the direct discharge, seems to have led you into 
some considerable error concerning lateral discharges in the 
body of a ship from direct discharges through my system of 
conductors in the rigging. I think that I have stated pretty 
clearly that this 50 feet, was 50 feet of metallic wire, (see 
page 175, vol. iv. of these Annals); and I never yet understood 
that there was a direct metallic communication between the out- 
side ofaship and her powder magazine!!! or that the one was very 
near to the other: and I think you will admit that the distance 
of your conductors from the magazine is very trifling indeed, 
when compared with the distance between the latter and the 
outside of the vessel. 

Moreover, the distribution of my conductors in the rigging 
is such that every flash of lightning which struck them, would 
be equally distributed amongst them before it arrived at the 
body of the ship: so that a small fractional part only, would 
be carried by any one of the lower branches: and as each 
branch conductor would carry an equal share, the forces on 
the two sides of the ship would be so completely balanced as 
to neutralize each others action on bodies placed directly 
between them, not only as regards lateral discharges, but also 
as regards the magnetic action of heavy flashes of lightning : 
for although an electric discharge traversing a single con- 
ductor, will magnetize a ferruginous body, a needle, for 
instance, placed within the sphere of its action, yet no dis- 
charge of electricity which passed equally on both sides of the 
needle would magnetize it: because one part of the electro- 
magnetic action would counteract the other part of it, and 
they would mutually neutralize each others effects. 

In regard to “Dr. Wollaston’s judgement” on matters of 
philosophy, I shall always have a great veneration, and what- 
ever degree of approbation he may have happened to confer 
upon your conductors, I should have found very little difficulty 
in making that philospher sensible of the dangerous effects of 

Mr. Harris's letter, page 210 of this Number. 
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their electro-magnetic powers when traversed by heavy flashes 
of lightning. This is such a simple and common “horn-book” 
affair, yet such an important consideration in the disposition of 
marine lightning conductors, that its omission in the report of 
the committee is an event in British science, which leaves you 
and the scientific councillors, in no very enviable position. 
And although it may not have occurred to you before, that the 
situation of your conductors would give them a most dangerous 
influence on the chronometors and compasses of the ship, yet 
now that I have clearly pointed out the fact, it behoves you, 
at this critical period, to make known to the Admiralty that 
such is the case, in order that some means may be adopted to 
prevent those serious consequences which your system of 
conductors can hardly fail to produce. 

I do not find that any other part of your letter requires my 
notice, and as I have met every other effort which you have 
made in favour of your conductors, in my former letters, 
without experiencing the slightest reason for altering my first 
statements, made in my fourth memoir, I necessarily conclude 
the discussion, under the same impressions as those with which 
I began. The errors into which you have accasionally fallen 
in those papers which you have published since the appearance 
of my fourth memoir, have certainly tended to rectify my 
former views of your mode of philosophical reasoning, which, I 
believe, is the only remuneration I need expect ; unless, indeed, 
my exposure of the dangerous tendency of your lightning 
conductors may induce those in authority to pause, and re-inves- 
tigate the whole subject, before any decisive steps may be 
taken for fitting out the british fleet with any lightning con- 
ductors whatever. And as I have some reason for supposing 
that such will be the case, I am still in hopes of experiencing 
the great satisfaction of having been instrumental in averting 
those personal and national calamities, which, in every proba- 
bility would occur from the effects of lightning, were our fleet 
to be furnished with conductors such as you have proposed, 
And should I even be disappointed in that particular, it will 
always be a gratifying reflection that I have pointed out the 
means whereby those dangers might be averted, at an expense 
of little more than the first cost of the material; and without 
detaining any ship in harbour, or causing any other obstruction 
in the performance of any part of her duty, whatever may be 
the nature of her service, and on whatever station she may 
happen to be placed. 

I have the honor to be, 


ir 
Your obedient Servant, 
W. S. Harris, Esq. W. STURGEON. 
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XXIX. — On the cause of the change in colour which takes 
place in certain substances under the influence of Heat — 
By C. S. ScHOENBEIN. 


It has not fallen within the power of man, up to the pre- 
sent time, to determine the relation which exists between the 
chemical nature of a body and its colour; it is probable that 
the determination of this difficulty presents one of the most 
difficult problems that philosophers and chemists will have to 
resolve. We know not why copper is red, gold, yellow; the 
cyanite of iron blue, and, in particular, we are complely un- 
certain whether the cause of the colour of a substance ought 
to be sought for in the nature of its mobecules, or in the par- 
ticular mode of their 5 But whatever be the ob- 
seurity which reigns in this point of view, and however great 
our ignorance on the true cause of the colourization of bodies, 
we know, notwithstanding, that the fact which determines 
the chemical nature of any substance is that which decides, 
before any thing, its relations with the light; and, in fact, 
there are a hundred cases in which we may conclude with cer- 
tainty, that a chemical modification has taken place in a body 
after a modification of colour has been observed. But it is 
not only these luminous phenomena, with relation to colour, 
which are frequently modified by the effect of the chemical 
changes of the substance; those of this species of phenomena 
which may be referred to refraction, to reflection, to inflection, 
and to polarization, are under the same influence: and, in 
short, we may safely affirm, that in order to arrive at the es- 
tablishment of the identity or the chemical difference of sub- 
stances there exists no re-agent more sensitive than light. 

Up to the present time, with our chemical means, we have 
only been able to determine amongst bodies those differences 
the most gross, and easily to be perceived; and, without 
doubt, also, for this same reason, we have admitted as iden- 
tical with each other a great number of substances, which, 
upon examination, by the aid of re-agents the most delicate, 
will eventually demonstrate to us that there is no identity be- 
tween those bodies. It is then very desirable that opticians 
should come in to the aid of their chemical brethren, and by 
furnishing them with such instruments as-are necessary, ena- 
ble them to determine, in a manner at once easy and certain, 
the slightest qualifying modification which takes place in any 
which may be subjected to their inquiry. When once the re- 
search into the chemical nature of substances, by optical 
means, shall come into general use, I am persuaded that our 
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knowledge in this respect will be rapidly extended, and we 
shall acquire more correct ideas than those we possess at pre- 
sent on the intimate nature of substances. The researches of 
Newton on the power of bodies to refract light, and the re- 
searches, still more recent, of the celebrated Biot, have already 
placed in a striking point of view the great importance it may 
be to the chemist to have a knowledge of the optical character 
of bodies. 

I have no other end in view, in publishing this work, than 
that of calling the attention of philosophers and chemists on 
the importance of the momentary and sudden changes of co- 
lour which divers substances undergo under the influence of 
heat. 

In comparing the chemical nature of substances which pre- 
sent this phenomenon in these indicated circumstances, it 
ought to excite our surprise, above all, that it is only observ- 
able in compound bodies. Sulphur, phosphorous, and perhaps, 
also, selenium, which are considered as simple substances, 
form exceptions; but the property which these bodies possess 
of taking various colours in different circumstances, ought, 
perhaps, to be sufficient for us to presume that they are com- 
cant more especially if we consider that sulphur, and in 
all likelihood also, the two other substances are. 

The number of compound substances which are possessed 
of the properties of which we are now speaking is very con- 
siderable, and it would be too tedious to name them. Amongst 
those which are solid, I content myself with naming the red 
oxide of mercury, which, upon being heated, takes a brown- 
ish black colour. The yellow basique nitrate of mercury, 
which in the same circumstances assumes a red colour; the 
red iodure of mercury, which becomes yellow at an elevated 
temperature ; the citron vellow coloured chromate of potash, 
which takes an orange colour on being affected by strong 
heat. The liquids, with some exception, change colour in 
general when they are heated. A solution of muriate of co- 
balt, for example, which when cold is of a yellow brown colour, 
becomes blue on being heated; an acid solution of nitrate of 
iron, which at the ordinary temperature is completely colour- 
less, becomes a reddish yellow when heated. Nitrous acid, 
(colourless at 20°) becomes yellow, and even a red brown on 
being exposed to heat: the colourless combinations of this 
acid with nitric acid, sulphuric acid, phosphoric acid, &c., be- 
comes equally yellow in the same circumstances. Among the 
compound gases I know of none of which the colour is sen- 
sibly changed by the effect of heat except it is the nitrous 
acid gas, whose colour is, as is well known, of a deeper hue 
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at a high temperature. But it is very likely that a more pro- 
found examination will shew that other aeriform bodies also 
change colour with their temperature. 

The question in point now is to resolve, to what cause the 
phenomena in question may be attributed; whether it is to 
mechanical circumstances, or to chemical changes. Up to 
the present time we have always sought to explain it, by 
vaguely admitting that heat Produce: a certain modification in 
the arrangement of the intimate molecules of a body from 
whence proceeds a change of colour. ‘This hypothesis may 
possibly be exact, generally speaking, but it is so vague and 
mdeterminate that it leaves, in a complete uncertainty the 
question of ascertaining whether heat only changes, the rela- 
tive position of the compound molecules, or whether the sim- 
ple heterogeneous atoms combine among themselves under 
the influence of an elevated temperature, in other affinities 
than when the body is not heated. Some recent researches 
of Mitscherlich, Rose, and other chemists, have demonstrated 
that certain salts undergo an essential modification, one might 
almost say chemical, though this was not a decomposition in 
the ordinary sense of the word. Thus the arroganite, heated 
to a full red heat, is transformed into calcareous spath; the 
red pyrimidal iodure of mercury into the prismatic yellow 
iodure of mercury, without the observer being able to perceive 
any modification in the composition of these two bodies. Other 
examples of the same nature might easily be cited. 

An important circumstance, to which I shall endeavour 
at the present time to draw your attention, is this, that the 
red iodure of mercury, on being transformed into yellow iodure 
by the action of heat, persists some time still, it is true, in 
its new estate after being cooled, but does not fail, neverthe- 
less, to take its primitive state without the sensible interven- 
tion of any exterior action, though mechanical causes, such 
as a sudden shock, singularly hasten its return to the normal 
state. The arroganite once transformed into calcareous spath, 
undergoes no further change. ‘There is not the least doubt 
that in the case whence arises the question, that heat only 
produces in the chemical nature of bodies that modification 
which chemists call isomeric. They form new substances, 
which are distinguished in particular from those from which 
they proceed by a peculiar form, by their specific gravity, by 
their hardness and by their action on light, and, im all like- 
lihood, by other physical properties. 

What is it now slick takes place in those substances which 
thus change colour with the temperature? Does this change 
indicate different chemical combinations among the constituent 
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elements, and ought it to be regarded asa proof that the mass 
resting identical, the same element can form a series of iso- 
meric combinations, of which each in particular is produced 
by a determined temperature? The change which takes place 
in the red iodure of mercury appears to me to be of particular 
importance in the answer to these questions; on one hand, 
because the phenomena which this body presents approach in 
appearance those of bodies which the act of cooling causes 
to return to their former state, (the elements of this iodure 
not persisting, in fact, in their new combination); on the 
other hand, because the body approaches also to carbonate of 
chalk, the iodure not taking immediately its primitive state 
when the cause which modifies it has ceased to act. Under 
the relation of the variability of its molecular composition, 
this iodure places itself then between the calcareous carbonate 
and the combination in which the change of temperature, 
and the modification in the chemical constitution, only remains 
as much in one as the other. 

Let us now seek a solution of the proposed question, at 
first in that which concerns the oxide of mercury, which 
presents a change of colour so remarkable. The mode of 
combination of oxygen with mercury, under the relation of 
intimacy, ought not to be the same at elevated degrees of tem- 
perature as at inferior degrees: it is already acknowledged, 
that at a certain temperature these two substances separate 
one from the other, and it will be easily admitted, that as the 
oxygen holds much more feebly to the mercury, that the oxide 
is most heated. Now, a difference in the intimacy with which 
the same elements are combined constitutes already, accord- 
ing to my ideas, a difference either qualifying or chemical, 
After that, the oxide of mercury in a heated state, is chemi- 
cally different from the cold oxide, and there, exists between 
the two an isomeric relation. To speak more properly, all 
the chemical combinations which are of different temperatures, 
are, it is true, in the same case, but particularly those which 
heat alone decomposes. It seems possible to me, however, that 
many compound bodies undergo, in their intimate nature, by 
the effect of heat, modifications which may have, it is true, 
a distant reason in a change of relations of affinity, but which 
are owing, above all, to a momentary derangement of the 
constituent elements, out of their normal position taken at 
the ordinary temperature. It is, in effect, a singular fact, 
that many compound bodies take, when they are heated, a 
colour which characterises another degree of combination of 
the same elements. The following examples will serve to 
make the case in question better understood. 
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At an elevated temperature, the oxide of mercury takes the 
colour of the oxidule of the same metal; the deuto-sulphuret of 
mercury, the colour of proto-sulphuret ; the proto-chromate of 
potash that of double salt; the colourless solution of nitrate 
acid of iron that of the solution of a nitrate basique of that 
metal; the solution yellow and neuter of muriate of cobalt, 
that of the acid solution of the same metal, &e. Now though 
this shadowing change may not be observed in each of the 
substances which change colour with the temperature, the 
cases where it presents itself are however so very numerous, 
that we are not at liberty to consider this phenomenon as 
simply the effect of chance, nor to suppose that the changes 
in colour of these substances are owing to the formation 
of a new combination: as for example when the deutoxide of 
mercury is heated it is transformed into protoxide, the neutral 
salt of chrome into acid salt, the neuter solution of muriate of 
cobalt into an acid solution, &c. But as, in the examples 
here cited, the heat does not separate oxygen, nor potash, &c. 
it is necessary to admit that these substances are found in an 
intimately mixed state in the bodies which we have submitted 
to the action of heat, or else, that the new combination 
possesses still so great an adhesive force for the substance 
which has been insulated, that it cannot be separated from it. 
It is possible, also, for example, that a molecule of mercury 
may be found, during the process of heating, nearer to one 
of the particles of oxygen enclosed within an atom of oxide 
than another, and that this second particle remains attached 
to the oxidule by the effect of a 5 of affinity, and is 
thus prevented from disengaging itself under the form of gas. 
We may suppose again, that there is established, sometimes 
between the two elements of a combination exposed to the 
action of the heat such a relation that they are, it is true, 
completely separated one from the other under the chemical 
relation, but that they dre still retained together by the effect 
of an attraction, similar to that which Faraday believes to be 
exercised by platinum on oxygen. 

It is the skilful Kielmeyer, if I mistake not, who has ad- 
vanced, now a long time since, the idea that each particular 
temperature has its own chemical power. Without wishing 
to take this assertion for granted, I believe, however, that it 
is true in general, and that a proof is furnished of its correct- 
ness in the change of colour produced by heat in compound 
bodies. As I have already made the remark, that chemists 
have not, during a long time, taken account only of the most 
glaring differences of bodies, and have regarded as identical 
those substances which have given as the result of analysis 
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the same elements in the same proportions. The discovery 
of isomery, and of dimorphie, with which it is intimately con- 
nected, has elicited the fact, that the st i of elements, 
and the proportions in which they are combined, is not a cer- 
tain criterion of the identity of chemical substances, and that, 
in this case, it is quite possible that there may exist great differ- 
ences in the physical and chemical properties of bodies. How- 
ever, let this point be once established, and that in particular it 
has been demonstrated, that by the aid of heat we can accom- 

lish not only the decomposition of substances, but, likewise, 
isomeric transformations, we may hope that chemists will di- 
rect their attention to the qualifying modifications less appa- 
rent, and particularly on the transient modifications which 
these bodies undergo under the influence of heat, Researches 
of this description would not fail to extend the actual limits 
of chemistry, and give us more correct ideas on the different 
modes of combination of elementary substances, as also, to 
spread the light of day on the relation which exists between 
the molecular constitution of a body and its physical and che- 
mical properties. 

In order to find some experimental proofs in favour of the 
opinion which I have advanced in relation to the cause of the 
change of colour on many substances, I have had recourse 
to the galvanometer. It is a fact, recognised by most philo- 
sophers, that every chemical modification, formation, or de- 
composition, of a compound body, has the effect of destroying 
the electrical equilibrium of substances which act upon each 
other. Upon this principle, if the change of colour, now in 
question, 1s to be attributed to any chemical modification 
whatever in those substances in which it is observed, we ought 
also to see established a voltaic current, and to be able to 
demonstrate the existence thereof, in favourable circumstances, 
by means of the multiplicatier. Now, to speak of solid sub- 
stances whose colour changes with the temperature, they are, 
unfortunately, such bad conductors of the voltaic current that 
they do not leave the least possibility of availing ourselves of 
the use of the galvanometer. It is not the same, however, 
in liquid substances; but I have made use of them to make a 
series of experiments; of the results ef which I have hereaf- 
ter spoken. 

e know that an acid solution of chlorure of cobalt, a little 
concentrated, is blue, but that it becomes yellow by the addi- 
tion of a small quantity of water. If this yellow liquid be 
heated, it retakes its blue colour, and this colour becomes 
deeper as the colour of the liquid is more elevated. The che- 
mists explain this passage from blue to yellow by supposing the 
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water to change to acid salt a part of its acid, and that thus 
the yellow solution encloses another combination than that 
which is found in the blue solution. As the yellow liquid again 
becomes blue by a new addition of hydro-chloric acid, and as 
heat alone produces also this change of colour, we can easily 
u that at a more elevated temperature the yellow neutral 
solution of cobalt is transformed into the acid blue combination; 
or, what is precisely the same thing, that the acid carried off 
by the water to acid salt separates itself a second time from 
the water by the effect of heat, and forms anew with the neuter 
combination of acid chlorure. But if chemical modifications 
of this species do really take place, the electrical equilibrium 
in the liquid in question ought also, in consequence of what 
I have already advanced, to be destroyed in these circum- 
stances. If now we put the liquid into a tube in the form of 
U, and a platinum wire in each branch of the tube, and now 
heat the column of liquid in one of the branches, until it be- 
comes blue, and then bring the free extremities, of the plati- 
num wires into communication with a delicate galvanometer, 
there is a current established which travels from the cold 
column of liquid to the heated one, and we find the force of 
this current to be greatest, when the difference of temperature 
between thc two branches is most considerable. In my expe- 
riments the deviation was about 70° when the ae was near 
the point of boiling, that is to say, when the colour was the 
deepest. I need scarcely add that the needle returned to 
zero, as soon as the two divisions of the liquid had arrived at 
the same degree of temperature; that is to say, as soon as the 
blue colour of the one had again taken the place of the yellow 

Such was the exactness also of the manner in which the 
galvanometer carried itself in the solution of nitrate acid 
of iron, which is colourless at the ordinary temperature, 
and which takes a yellow colour on being heated. In the same 
circumstances as those already given, I have obtained a cur- 
rent which travelled equally from the cold portion of the liquid 
to the heated one, and which made the needle deviate about 
40°. The results have been similar to these too, when, in the 
place of the liquids of which Į have spoken, I have made use 
of a solution of acid sulphate of iron, or of liquid combi- 
nations of nitrous acid with other acids, such as sulphuric 
acid, phosphoric acid, nitric acid, &c. 

In truth, it seems at first that these observed currents are 
of a thermo-electric nature; that is to say, that they are the 
effect of the difference of temperature of the two liquids, or of 
the two platinum wires. M. Becquerel says, in his Traite 
de! Electricité,” that when the two extremities of the plati- 
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num wire of the galvanometer are plunged into nitric acid, 
and that in these circumstances, the electrical equilibrium is 
maintained, this equilibrium will be destroyed, if we come to 
draw one of the extremities out of the liquid, heat it, and 
plunge it in anew, and that then a current will be developed 
which travels from the cold extremity tothe hot. The French 
philosopher considers this current as being of a thermo-electric 
nature. But if this opinion have any foundation, we should 
be able to obtain similar currents with all liquids which are 
good conductors. Now my researches on this point have 
convinced me to thecontrary. Sulphuric acid, perfectly pure, 
alone, or with water in different proportions, pure hydro- 
chloric acid, the dissolutions of potash, sulphate of potash, 
carbonate and phosphate of alkali, sulphate of zinc, corrosive 
sublimate, and many other salts, have been put successively 
into bent tubes; the part of the liquid enclosed in one of the 
branches only has been heated, and when I have established 
the communication with the galvanometer, by means of the pla- 
tinum wires, I have not obtained even the most feeble current. 
The absence of the current in this last experiment, seems to 
bring clearly in view the inaccuracy of the explanation given 
by M: Becquerel, and at the same time the great likelihood, 
or else the certainty, that the destruction of the electrical 
equilibrium, when it coincides with the change of colour in a 
liquid, is not immediately owing either to the difference of 
temperature of the two wires, or to that of the two portions 
of liquid contained in the branches of the tube, and commu- 
nicating with each other, but to transient chemical modifica- 
tions, which have been produced by heat in one of these 
portions. 

It is scarcely necessary to remark expressly, that it is pos- 
sible also to have liquids whose colour does not change, in 
whatever wav they are submitted to the action of heat, and in 
which notwithstanding, transient chemical changes, take place, 
for the qualitative changes of a body are not always necessarily 
accompanied by a change of colour. Those liquids which are 
found in this position, should also, by consequence, be in 
a state to produce a current when they are unequally heated. 
Now the result of my experiment proves that the dissolutions 
of many nitrates of mercury possess in a very high degree the 
property in question, when they are submitted to an unequal 
heat, and it is known that the solutions of this species are 
colourless at very different temperatures. 

Let us now suppose that the preceding remarks are per- 
fectly exact; the result would be that a galvanometer would 
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offer to the observer an instrument, which would put him in a 
position where he could demonstrate the existence of chemi- 
cal actions, in which no reaction is announced, and where up 
to the present time no modification was believed to be ope- 
rating in the chemical constitution of the substance under 
observation. I have already named, besides the galvanometer, 
the chemical microscope, and I believe that the facts which I 
have just described are sufficient to justify this denomination. 
It will be by consequence very desirable, that those chemists 
who are devoted to scientific research, will make use of this 
precious instrument more frequently than they have hitherto 
done, and that they will make above all an attentive exami- 
nation of all the important chemical combinations, which serve 
as conductors of the current, in order to know the influence 
which they exercise on the galvanometer when they are 
unequally heated. 

Permit me, in terminating this work, to express some ideas 
destined to make comprehensible the importance which 
isometry will probably sooner or later exert, for that part of 
geology which is united to chemistry. In considering under 
a chemical point of view the parts which constitute the crust 
of the earth, we ought to be surprised to see certain elements 
predominate over others in the rocks of certain geological 
formations. I do not wish to recall here the enormous masses 
of calcareous carbonate, which are encountered in those which 
are called sedimentary earths. On the other side it is not 
rare to find in the same formation chemical productions 
extremely different, placed one by the side of the other, and, 
what is very remarkable, in such a manner sometimes that 
the one passes the other by degrees almost insensible, as is 
seen for example in the calcareous carbonate and the dolomite. 
These transitions take place sometimes under circumstances 
which cause us to think of the transformation of one of these 
substances in the other. And, in effect this idea has been 
suggested at an anterior epoch, but has ordinarily been repul- 
sed as a product of the imagination of the alchemist, and has 
been declared completely inadmissible. 

Under a chemical point of view, we ought, it is true, to sup- 
pose that since our earth exists, the same elements of which we 

ave knowledge at the present day have always existed, and 
that all the diverse se formations, inasmuch as they 
relate to chemical actions, have been owing to the affinity of one 
of these elements for the other. As to the transformation of 
one substance into another, it is a fact we are not able to 
admit ; and then say, how, under the relation .of quantity, 
the elements are united in such a manner as to be able to 
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form precisely compound combinations after the chemical 
proportions, and how these substances, which have power to 
combine among themselves, have so happily met: the chem- 
ists’ do not believe themselves bound to give in this point of 
view any plausible explanation, and they put this fact to the 
number of those on which actual science does not possess 
sufficient elements. 

Further, the singular fact, that certain substances, accom- 
pany each other, or always avoid each other, and that these 
substances, are then found as often to be of bodies which 
offer a passable resemblance in their chemical character, such 
as, amongst which we find together, the chlorine, brome, 
and iodine ; sulphur and selenium ; platinum, iredium, palla- 
dium, baryte, and strontian ; 1 and alkali; this fact 
ought to be considered by the chemist of our days as a pure 
hazard, two elements being always separated in his eyes by 
an abyss quite impossible to overcome. 

In the opmion of many philosophers, there may have been 
a time in which all the constituent elements of our planet 
may have existed in a state of insulation. But this hypothesis 
implies here, that the compound bodies with which we meet 
at the present day, have been formed one day by means of 
synthesis. We can, according to my ideas, make good several 
arguments which are not favourable to this point of view, and 
which permit the supposition that many chemico-geological 
products have been found by another way than that of ‘com- 
position, by means of elements which we can at the present 
day separate. If the substances which we regard as element- 
ary, were once found in a state of complete insulation, and 
they may have been at the same time submitted, as at our day, 
to the law of gravity, they would have been obliged, it seems, 
to arrange themselves the one on the other, according to their 

ific gravity. But as it is easily comprehended, would 
A have sufficed to hinder the combinations of several of 
those elements which are now found united. In truth, when 
the chemist pretends that in the primitive times, these elements, 
dis one on the other, in beds or layers nearly concentric, 

mixed together by the effect of an unknown cause, and 
which will come suddenly into activity (an hypothesis which is 
accorded to it, as we accord to astronomy that of an impulsion, 
when there is need to explain the curvilinear movement of the 
planets), this hypothesis will make comprehensible the exis- 
tence of many geological products ; but at all times, a great 
number of geologico-chemic facts will remain enigmatical to 
us, and even inexplicable. 

Bat if many substances which we consider as compound, 
VoL. V.—No. 27, September, 1840. 2G 
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have not been formed by the way of ordinary synthesis, it is 
still a question, at least to admit, for the sake of convenience, 
that they have been created such as they are at the present 
day, or that they have always existed in the same state, it is 
yet a question, what origin have they had. As for myself, in 
acknowledging all that we cannot yet answer to this question, 
no more than others, concerning the origin of mineralogical 
products, I think that isomery will aid us as we advance to 
resolve a great number of chemico-geological problems. As 
this new branch of chemistry becomes developed sufficiently, 
for the acknowledgment as isomeries, those substances which 
we have been forced to regard up to the present day, as 
elements, and we shall the light of day 2 itself on many 
subjects which are yet covered in a profound obscurity. 

It is a true principle, and let it for that be often repeated, 
that nature attains by the most simple means, the greatest and 
the most varied ends. How complicated and how grand are 
the effects produced by gravity, the action of which at the 
same time obeys a law so simple! If then we suppose that 
the numerous different substances which constitute our earth, 
are the product of a small number of elementary substances, 
united amongst themselves in a manner the most varied in 
their proportions, and in the mode of their combination, 
we have there an hypothesis which we are authorized to 
make by analogies, and which will scarcely leave us accusable 
of wandering in reveries or metaphysics. Let us represent 
the small number of substances which we admit hypothetically 
as elements, submitted to the influence of very different 
temperatures, of voltaic currents of different energies of 
various forces of pressure, &c., we may conceive how 
in these circumstances so different, the bodies the most different 
have power to be formed by means of a small number of ele- 
ments, these bodies in particular, which we use for decompo- 
sition, relatively feeble, do not permit us to resolve into their 
elements. We know already some facts, which give us 
authority to presume, that some substances which are now 
regarded in chemistry as simple bodies and which ought as 
such, to be invariable in their essential properties, would 
evince very considerable modification when they are exposed 
to certain influences and in particular to those of electrical cur- 
rents and to heat. It has long been known that sulphur can 
assume very ‘different forms, and that, suddenly cooled after 
having been heated it passes to a state of coherence essentially 
different from that which it previously possessed. Phosphorous 
and selenium present similar phenomena. In my electro- 
chemical researches, I have myself recently obtained results, 
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which demonstrate that iron, which is regarded as elementary, 
can, under the relation chemical and under the relation 
physical, take such modifications, that, in its new estate one 
ought to regard it in some manner as quite another metal. 
From the state of a body very oxidable, it is transformed into 
a substance neuter with regard to oxygen; a metal eminently 
electro-positive, it becomes a metal electro-negative. Similar 
modifications have already been observed in some other very 
oxidable metals. Though these modifications are it is true 
but transient, and that up to the present time no means have 
been found to render them permanent, it does not yet follow 
that, by, example, this result will not absolutely be obtained for 
iron. It results from this, that the above modifications, area 
roof that many bodies which are called elementary, do not 
bea the character of absolute invariability, in that which con- 
cerns the properties which are ordinarily regarded as essential. 
In like manner, as the chemist ought to furnish to the geo- 
logian his aid in extending that science, so ought the geolo- 
gian, in his turn, to lend his aid to the chemist. Like light, 
are not the geological explorations spread on the history of 
organized beings, and what discoveries may we not hope to 
make in the field of zoology, by the researches even which are 
made in our days, on the nature of animals which peopled 
the primitive world? 

e may be well permitted to suppose that the formation of 
the inorganic bodies of our earth has taken place after deter- 
mined laws, as much even as that of organised beings which 
have perished; that in other periods of the history of our 
pete’ there have been epochs of chemical formations, as there 

ave been periods of organic creation : and is it not impossible 
that both the one and the other have been in a certain mutual 
dependance, and that one of these classes of phenomena has 
had in the other the cause of its existence? Now, if, in the 
actual moment, geologians were to make a strong effort to 
direct all their attention on the organic remains of primitive 
times, and, by a self-compulsory effort, construct, with the 
monuments of the first ages, a basis for the history of our 

lobe ; if, further, we should acknowledge that in the course 
of the last twenty years the zeal and the perpicuity of geo- 
logians devoted to this part of the zoology and botany which 
belongs to their science, have obtained the most extraordinary 
results in this domain, and have arrived at the solution of 
problems the most difficult, it ought not to be a case for doubt, 
that the chemical side of geology haa not at least attracted 
that regard which it merits. But as it is certain that essen- 
tial modifications, which our globe has suffered in anterior 
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epochs, have been prodnced by chemical forces, it will result 
therefrom, that the geologian must necessarily study the mat- 
ter of the globe under a point of view purely chemical. 

In order to arrive in the field of research at results which 
have some value in science, we ought to take the same ways 
by which the geognostic zoologists have acquired the know- 
ledge which they possess on the organic life of the primitive 
world. We ought to study with the greatest degree of care 
each particular geognostic product; we ought to determine 
also, as exactly as it is possible, the mutual relations of these 
products in their nature, both chemical and physical, and in 
their chronological succession; and, at the same time, to 
make the most scrupulous comparison between the product 
which we obtain by the aid of chemical forces yet active at 
the present day, and the inorganic bodies of the primitive 
world. In a word, we ought to commence by creating a geo- 
chemic comparison before we can possibly have a true geology, 
before the mystery of the creation of our world can be dis- 
covered, and the masses which compose it. But in order to 
arrive at this elevated and truly gigantic end, which is proposed 
to science, it is necessary not only to take advantage of all 
the men who possess not only all the knowledge which plilo- 
sophy and chemistry is able to furnish, but also who are en- 
dowed with that rare faculty of grouping and collecting, under 
different, general points of view, those masses of particular 
facts, and to discover a relation and connexion between phe- 
nomena altogether strangers in appearance. It is necessary 
that there arise a man who will be to geological chemistry 
that which Cuvier has been to the anatomy of the animal fos- 
sil kingdom, and what Newton has been to astrononiers. 


XXX.—On Electro-type from Engraved Copperplates. 
By SamueL CartwriGut, Esq. 


Having been favoured by Samuel Cartwright, Esq., of 
Preston, with an excellent specimen of printing on address 
cards, from an electro-type plate which that gentleman had 
made, I immediately wrote to him requesting that he would 
favor me with the plate in order that I might be enabled to 
place specimens of printing, from it, before the readers of 
these Annals. Mr. Cartwright finding that he could not 
comply with this request, in consequence of the plate being 
presented to the Lancaster seientibe exhibition, immediately 
proceeded to prepare another, which, as soon as ready, was 
very kindly presented to me by that gentleman, who waited 
on me at this Institution for that purpose and, in the most 
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liberal manner, communicated to me all the particulars of the 
ess, which is the following. 

To the back side of the engraved plate intended to be 
copied, is soldered one end of a copper wire; and to the 
other end of that wire is'soldered the zinc plate of the opera- 
ting voltaic battery, which consists of a single pair of metals 
placed m a porcelain jar, having the copper side in a solution 
of sulphate of copper, and the zinc side in water, or in salt 
and water. To the farther end of the conducting wire be- 
longing}to the copperside of the battery is soldered another 
copper plate, about the size of the engraved one. When the 
battery is prepared, the] two copper plates at the farther ex- 
tremities of its wires, are to be placed in a strong solution of 
seal pra of copper, the engraved one with its face upwards, 
and the other directly over it, but not to be in contact with 
each other. With this arrangement, the cuperous solution 
becomes decomposed, and the liberated copper is precipitated 
on the face of the engraved plate: whilst the copper plate of 
copper in that vessel, suffers dissolution, and feeds the solution 
with fresh portions of copper. 

At the end of about three days the newly formed plate will 
be thick enough to remove from the engraved one, and the 
impression will be avery faithful copy of the original one. 
having the letters and other characters in relief; similar to 
those on a card printed from the engraving. 

Since Mr, Cartwright’s visit to this institution, Dr. Good- 
win, of this town, has taken a very good electro-type plate 
from the engraved copper-plate from which his address cards 
are printed ; and several other gentlemen are now preparing 
electro-type plates by similar means. 

From my own experience, I find that the dissolution of the 
copper-plate, which is connected with the copper side of the 
battery, is very rapid, and when thin, if care be not taken, 
small fragments from it will fall down on the lower plate, 
which, if not removed, might injure the process. To pre- 
vent any accident of this kind, 1 put the upper plate in a 
muslin bag, which prevents the fall of any fragment. If, 
however, the plate be sufficiently thick to outlast the process, 
there will be no need of this precaution. The face of the 
electro-type plate is as smooth as the original, and every 
scratch, however minute, will be faithfully transferred. 

WILLIAM STURGEON. 
Royal Victoria Gallery, for the 
encouragement of Practical 
Science, Manchester. 

P.S.—On my requesting to print from Mr. Cartwright's 

electro-type plate, I received the following letter. 
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Dear Sir,—I have no objection to your publishing, as you 
desire, the Electro-type I made for you; but must request 
that your readers may at the same time, be informed that I 
consider it very inferior to what a more practised person 
would produce.—It is only the second I have made to print 
from, and before attempting this process I never constructed 
or used a galvanic Battery.—My reason for sending it to you 
was, as I have before stated, to shew that the process may be 
performed by any person who will take the trouble of reading 
the accounts of it published in you Annals of Electricity, and 
other periodicals. 

The plate is just as it came from the Battery, no graver, 
burnisher, or even charcoal has touched it, except in drawing 
the line under my name, to distinguish its impressions from 
those of the original plate. 


Yours truly, 
SAMUEL CARTWRIGHT. 
Preston, 21st Aug. 1840. 


The next business is to proceed with the new electro-type 
plate, in the same manner as had previously been done with 
the engraved one; and a fac-simile of the lees will be ob- 
tained. The process should be continued four or five days to 
give sufficient thickness to the plate to be printed from. 

In order that the electro-type may leave the original plate 
without injury, Mr. Cartwright covers the face of the latter 
with bees’ wax, and whilst warm wipes of the greater part, 
leaving only a thin film. The back part of the original plate 
and its conducting wire are covered with sealing-wax varnish, 
to prevent unnecessary deposition of copper on those parts. 

n the electro-type plate will be seen two specimens, one 
from the electro-type, the other from the original e 


* When electro-type copies of medallions are to be formed in casts of plaster or other porous 
, Mr. Spencer gives the following ingenious mode of giving those matrices the necessary 
surfaces. 

The porous matrix is to be dipped into a weak solution of nitrate of silver, a portion of which 
becomes absorbed. It is next exposed to the fumes of a warm alcoholic solution of phosphorous, 
and the absorbed nitrate of silver becomes decomposed. 

Mr. Parry, an ingenious gentleman of this town, has lately obtained good electro-type im- 
pressions from the green leaves of trees, by properly placing those leaves so as to receive the 

ted copper by voltaic copper.—W.S. 
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XXXI—MISCELLANEOUS ARTICLE. 


On the Application of Electro-Magnetism as a Motive 
Power; in a Letter from Prof. P. Forses, of Aberdeen, 
to MichAkL Farapay, D. C. L., &c. &c.“ 


King's College, Aberdeen, Oet. 7, 1839. 


My dear Sir, — Having seen a notice from Mr. Jacobi sent 
by you to the London and Edinburgh Philsophical Magazine, f 
regarding the success of his experiments on the production of 
a moving power by electro-magnetism, I am sure it will give 
you pleasure to know that a countryman of our own, Mr. 
Robert Davidson, of this place, has been eminently success- 
ful in his labors in the same field of discovery. For in the 
first place, he has an arrangement by which with only two 
electro-magnets and less than one square foot of zinc surfave 
(the negative metal being copper) a lathe is driven with such 
velocity as to be capable of turning small articles. Secondly, 
he has another arrangement, by which, with the same small 
extent of galvanic power, a small carriage is driven on which 
two persons were carried along a very course wooden floor of 
a room. And he has a third arrangement, not yet completed, 
by which, from the imperfect experiments he has made he 
expects to gain very considerably more force from the same 
extent of galvanic power than from either of the other two. 

The first of these two arrangements were seen in operation 
by Dr. Fleming, Professor of Natural Philosophy in this 
University, and myself, some days ago; and there remains no 
doubt on our minds that Mr. Davidson's arrangements will, 
when finished, be found available as a highly useful, efficient, 
and exceedingly simple moving power. He has been busily 
employed for the last two years in his attempts to perfect his 
machines, during all which time I have been acquainted with 
his progress, and can bear testimony to the great ingenuity 
he has shewn in overcoming the numberless difficulties he has 
had to encounter. So far as I know he was the first who 
employed the electro-magnetic power in prodncing motion by 
simply suspending the magnetism without a change of the 
poles. This he accomplished about two years ago. About 
the same time he also constructed galvanic batteries on Pro- 
fessor Daniell’s plan, by substituting a particular sort of 


e Communicated by Dr. Faraday. 
+ See L. & E. Philos. Mag. for. Sept., p. 164. 
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canvas instead of gut, which substitution answers perfectly, is 
very durable, and can be made of any form or size. 
lastly, he has ascertained the kind of iron, and the mode of 
working it into the best state for producing the strongest 
magnets with certainty. 

The first two machines, seen in operation by Dr. Flemming 
and myself, are exceedingly simple, without indeed the least 
complexity, and therefore easily manageable, and not liable 
to derangement. They also take up very little room. As 
yet the extent of power of which they are capable has -not 
been at all ascertained, as the size of battery employed is so 
trifling and the magnets so few: but from what can be jugded 
by what is already done, it seems to be probable that a very 
great power, in no degree inferior to that of steam, but much 
more manageable, much less expensive, and occupying 
greatly less space, if the coals be taken into account, may be 
obtained. 

In short, the inventions of Mr. Davidson seem to be so 
interesting to rail-road proprietors in particular, that it would 
be much for their interest to take up the the subject, and be 
at the expense of making the experiments necessary to bring 
this power into operation on the great scale, which indeed 
would be very trifling to a company, while it is very serious 
for an individual by no means rich, and who has already ex- 
pended so much of his time and money for the mere desire 
of perfecting machines which he expected would be so bene- 
ficial to his country and to mankind. For it deserves to be 
mentioned that he has made no secret of his operations, but 
has shewn and explained all that he has done to every one 
who wished it. His motives have been quite disinterested, 
and I shall deem it a reproach to our country and country- 
men if he be allowed to languish in obscurity, and not have an 
opportunity afforded him of perfecting his inventions and 
bringing them into operation, when the promise to be pro- 
ductive of such incalculable advantages. | 

L. & E. Philos. Mag. 
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XXXII.—Proressorn MaRiaNnini on a Leyden Jar that becomes 
charged by means of simple contact. 


From the Memorie di Fisica sperimentale, Modena 1838. 
Mem. vi. p. 88.* 


8. Convinced as I am of the truth of the contact theory of elec- 
tricity, I never for an instant doubted that a Leyden jar, whose 
two coatings consisted of two different metals, would become 
charged every time that these coatings themselves were brought 
into metallic contact with each other. But it was no easy thing to 
say before-hand whether or not the charge would be great enough 
to give us indications of its presence by the electrometer, or other 
instruments. For the plates of a condenser give indications of 
tension as we lessen their capacity very considerably by separating 
the plates from each other, whereas the coatings of a jar remain 
always at the same distance. Added to which the capacity of the 
jar, supposing the surfaces of the two equal, is much lower than 
that of the condenser, inasmuch as the intervening stratum is 
very much thicker in the former than in the latter. And it was on 


* Translated by W. G. Lettsom, Esq. 
VoL V.—No. 28, October, 1840. * 
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that account that I commenced with several experiments touching 
the effect of charges of the Leyden jar brought about either by the 
contact of dissimilar metals, or by a pair of plates, as already de- 
tailed in § 5 and § 6, and from which it was clear to me that I 
should be able to obtain the arrangement I had in view with an 
apparatus of moderate dimensions. 

A large glass bottle or jar nearly of a spherical shape, and the 
thickness of which, as shown by examining it in different spots, 
did not anywhere exceed a millimeter, was, with the exception of 
the edge and a zone of about three centimeters wide adjoining 
thereto, coated over externally with zinc foil. The'inside of the 
jar, corresponding to the covered portion outside, was coated with 
silver leaf. ‘The edge and half of the above-mentioned zone was 
covered, both inside and outside, with a coating of fused sealing 
wax. From the bottom of the jar there rises a stem or rod of 
silver, having at the upper end a longish slit furnished with a stout 
ring, which serves for securing a flexible silver wire of about five 
decimeters long. 

The jar is surrounded by a broad ring of zinc on which it rests, 
and this ring is supported by three glass rods covered with sealing 
wax and fastened into a wooden stand, which is likewise covered 
throughout with a similar coat of insulating materials. To this 
hoop of zinc there is attached a small binding screw of the same 
metal, used for securing one end of a wire or strips likewise of 
zinc. Each of the coatings contains a surface of about 26 square 
decimeters. 

Two small discs, one of zinc and the other of silver, are ground 
flat on one side, while from the other there rises a small screw for 
fastening each on to a little rod of glass which is provided with a 
female screw formed of the same metal as the disc that is to be 
screwed on to it. The extremity of the wire connected with the 
internal coating of the jar is attached to the silver disc by the cor- 
responding screw, while the thin strip of zinc, communicating with 
the external coating, is in a similar manner connected with the 
other screw. 

By means of these screws there may be likewise adapted to each 
of the two discs one or two ribbons or tongues of metal, and these 
may either be the same as those of which the discs are made or not. 

By the side of the jar, and insulated in a similar manner, I placed 
a silver leaf electrometer furnished with a condensor, whose lower 
plate is of silver, but whose upper one is of zinc.* 


* Fig l of Plate (V.) represents the apparatus in question. 

A BC, is the glass jar or bottle. 

Aa Ce, represents the zone coated with melted scaling wax within and 
without. 

D B E, the portion of the jar coated externally with zinc foil, and internally 
with silver leaf. 

F, the upper end of the stem or rod of silver, fixed to the internal coating at 
the bottom of the jar. 

G H, a ring or hoop of zinc surrounding the jar. 

GI, J, HI, three supports of glass coated with sealing wax, supporting the 
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9. On examining the jar with this instrument by bringing the 
zinc disc, or one of the tongues connected with it, into contact with 
the zinc plate of the condensor, while the internal coating was 
brought into contact with the silver plate of the condensor by 
means of the silver disc, I did not meet with any trace whatever 
of electrical tension. But on repeating this examination after 
having for an instant touched the zinc coating with the silver disc, 
I found the tension amounted to about nine degrees. 

When the two coatings were brought intc contact with a moist 
card by means of the tongues above-mentioned, no charge could be 
communicated to the condensor. But on the zinc coating being 
again touched with the silver wire it became suddenly charged, as 
before, to nine degrees. 

10. Having discharged the condensor and the electrometer of 
these nine degrees of tension, I placed it a second time in connec- 
tion with the two coatings of the jar, and without the latter having 
been re-charged, and yet the electrometer showed a tension of five 
degrees. And I thus re-charged the condensor a thiid, a fourth, 
and a fifth time, the tension decreasing at every trial. 

On one occasion I repeated this experiment under more favour- 
able circumstances, (it was on the 31st of October, 1838) and the 
twentieth time of discharging the jar as described I had a tension of 
two degrees. The experiment was interrupted at this stage owing 
to a copper wire falling on the two discs and thus re-charging 
the jar. 

The jar in question was likewise charged by slow degrees also in 
the following manner:—Taking hold of the insulating handles car- 
rying the discs connected with the wires proceeding from the two 
coatings, I immersed the extremity of the silver tongue in a cup 
of salt and water, and then having withdrawn it I immersed the 
extremity of the zinc tongue, and having in like manner withdrawn 
this, I repeated the immersion of the silver one, and then again of 
the zinc one, and did so ten times. I then made the discharge 
through a prepared frog, on which a trifling contraction ensued. 
On repeating the experiment, the jar, however, being discharged 
little by little by thirty of these alternate connections, the residual 


above ring, and with it the vessel. They are let into the stand L. 

F M, a silver wire proceeding from the rod F, and connected at the other end 
with the silver disc M. 

N O, astrip of zinc fastened at N by a binding-screw of the same metal to 
the hoop G H, and inserted at the other end into the zinc disc O. 

T, T, insulating glass handles to which the discs are attached. 

P, Q, two tongues of silver connected with the silver disc. 

R, 8, two tongues of zinc connected with the zinc disc. 

Z, upper plate of the condensor, made of zinc. 

V, lower plate, made of silver, resting on the silver leaf electrometer, which 
in the upper part, where in contact with the cundensor, is mounted iu silver. 

In another part of the plate are represented two cups containing a prepared 
frog, ò being the body, and d tho legs. This is made use of in the experiments 
described in § 12. 


* 
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charge on being directed on to the frog did not produce any 
visible contraction. 

11. I next immersed simultaneously the tongues of the two 
dissimilar metals in the same cup of acidulated water, in order to 
see if the chemical action, exercised with different energy on the 
two metals, would charge the jar, as contact does; but I did not 
obtain indications of any tension. 

The experiment was tried of immersing the zinc tongue of the 
zinc coating into concentrated sulphuric acid, as well as moderately 
and very much diluted, dipping at the same time the tongue of the 
silver coating into distilled water in contact with the acid. But 
without effect. Does this arise from the jar charging itself and 
discharging itself at the same time? No, for on immersing the 
silver wire in one glass of acidulated water, and the zinc wire in 
another, the effect, as before, was null. And, besides, I would 
ask those who should make this objection how it is that it does not 
happen that the jar charges and discharges itself as well when the 
two coatings are brought into metallic communication with each 
other. Whereas every time the silver wire was brought into con- 
tact with the external coating, either directly or by means of 
another metal, or a piece of charcoal, or any other solid electro- 
meoter whatever, the jar instantly became charged, giving indica- 
tions of its tension with the electrometer as has been described. 

The case in which the jar charges and discharges itself occurs 
when we bring the tongues of the coatings into contact with each 
other at the points of their immersion. For in the act of separat- 
ing them, they being in communication through a liquid conductor, 
the electric equilibrium, which had been disturbed by the mutual 
contact of two dissimilar metals, is instantly restored. 

12. I prepared a frog in such a mamner that the lower limbs 
were attached to a portion of the trunk only by means of the sciatic 
and crural nerves. Then, having brought the silver wire proceed- 
ing from the internal coating into connection with the trunk, and 
the strip of zinc proceeding from the external coating into connec- 
tion with the legs, I did not observe any contraction, neither did I 
obtain any on touching the nerves and the thighs, or the nerves 
and the feet, with the above wires. But I had no sooner brought 
the two coatings into metallic contact with each other, than, on 
connecting the trunk with the external coating and the legs with 
the internal, the frog was convulsed. And here, too, it was pre- 
cisely as it obtains with the ordinary jar when charged to an 
extremely low tension, namely, that when the current was trans- 
mitted from the limbs to the trunk, instead of in the opposite 
direction, either no contraction took place, or it was extremely 
feeble, and only noticed when the frog was recently prepared. (§ 6.) 

The above experiments were varied and repeated with the same 
results at least forty times in the space of three-quarters of an 
hour, the same frog being employed throughout. I repeated the 
experiment four times upon the same frog, even after an interval 
of three hours, and the contractions took place as before, only they 
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were very much feebler. This was on the 31st of January of this 
year. Similar experiments were instituted with the same results 
in March and April following. 

13. These experiments, which indeed demonstrate that the con- 
tact of solid heterogeneous conductors developes electricity, may 
be, it is true, performed with a less expensive apparatus, although 
the arrangement that we have described may be perhaps better 
adapted for varying and studying the experiments themselves. 
The two discs, for instance, may be omitted, and the silver wire 
and zinc strip may be managed directly with the hands if protected 
by insulating gloves. In lieu of the condensor of zine and silver 
we may employ one of zinc and brass, were it not that the tension 
indicated by the latter is something less, owing to the brass, on 
coming into contact with the silver, becoming electrified in an 
opposite state to the silver of the coating. We may further make 
use of the ordinary condensor, whose plates are both of brass, pro- 
vided a moist card is inserted between the zinc thread and the 
brass plate. I think we can also dispense with a coating of zinc, 
and may employ tin-foil instead, which is far easier to manage and 
not so expensive, for I have observed that the jar in question, when 
charged with a single pair of silver and tin plates, affected a pre- 
pared frog. It must be borne in mind, however, that if we are 
desirous of obtaining equal effects, it would be necessary that the 
jar used for tin and silver coatings should present a much greater 
extent of surface than when coatings of silver and zinc are used. 

14. Having remarked, even after charging the condensor several 
times with the Leyden jar, without the charge of the latter being, 
however, renewed, that the frog was affected (though certainly to 
a very trifling amount) on receiving the residual charge, I was de- 
sirous of ascertaining if one would obtain a similar effect by means 
of a condensor with plates of dissimilar metals. I therefore en- 
deavoured to charge the above condensor by bringing its two 
plates into mutual metallic contact, and then making the zinc plate 
communicate with the trunk, and the silver one with the limbs of 
the frog; but to no purpose. It was necessary to charge this in- 
strument with a two-fold tension in order to affect the frog by it. 
Having, however, charged it from two pairs of brass ard zinc 

lates, I succeeded in obtaining contractions, although somewhat 
less marked than those that the jar in question produced. And 
these contractions were likewise obtained with the condensor of 
brass and zinc when charged by the above-mentioned two pairs of 

lates. 
If, instead of charging the condensor by putting the two discs 
in mutual metallic commynication, I charged it by touching the 
silver disc with a strip of zinc, and by connecting the latter by 
means of a moist conductor with the disc of zinc, there were not 
in this case either, contractions produced on directing the discharge 
on to the frog. This, however, shows that even when a fluid is 
present the charge of the condensor is not sensibly increased. 

15. I took two condensors of brass and zinc, and having placed 
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the two zinc plates in metallic communication with each other, as 
also the two brass plates in a similar manner, I established a 
metallic communication between one of the brass plates and one of 
those of zinc, upon which both the condensors received the ordinary 
charge of about nine degrees, but even with this charge, although 
the quantity of electricity thrown into motion could not but be 
nearly twice as great as when a single condensor is charged, the 
frog was not affected in the slightest degree. But on charging 
these two condensors when thus connected with two pairs of brass 
and zinc, in other words with a two-fold tension, I obtained con- 
tractions which were even stronger than when I used but one con- 
densor charged to the same intensity. 

From these experiments we see that an increase also in the 
amount of electricity tends to strengthen the shock, but not to the 
same extent as tension. 

16. I have also succeeded in charging this jar little by little, that 
is to say by repeated contacts. I placed a plate of zinc and a plate 
of silver in an insulated cup of water, taking care that they did 
not touch and that they were not wholly immersed. I then 
touched the zinc plate with the tongue of the silver coating, and 
next the silver plate with the tongue of the zinc coating, and hav- 
ing repeated this alternately eight or ten times the jar 1 found was 
charged. 

If these plates of zinc and silver, instead of dipping into the 
same cup, dipped into two different ones, but connected together 
by means of the frog, or other moist conductor, or even by a simple 
metallic arc, the experiment succeeded as before. 

The jar may likewise be charged little by little by touching the 
zinc plate with the silver coating, as in the previous experiment, 
and then touching with the zinc coating the water in communication 
with the zinc plate. 

Then touching simultaneously the zinc plate in question with 
the silver coating, and either the silver plate or the water into 
which it dips with the zinc coating, the jar became instantly 
charged. In which case if a frog recently prepared is used as the 
moist conductor between the cups, it contracts in the act of the jar 
becoming charged; and then it also contracts in the ordinary 
manner when, on connecting the two coatings with the water in 
the two cups, the charge of the jar is sent through it. 

17. This last experiment may also be easily repeated with the 
condensor. Having prepared a somewhat large and active frog let 
the trunk be laid on a plate of zinc, and one leg on a plate of silver. 
Let one of these two piates be held between two fingers furnished 
with insulating gloves, and the other between two other fingers, 
and the contractions of the frog wifl be observed both at the 
moment the condensor receives the charge of the two pairs on 
making the zinc disc touch the plate of silver, and the silver disc 
the plate of zinc, and also at the moment the condensor is dis- 
charged by touching the zinc disc with the zinc plate, and the 
silver disc with the plate of the same metal. 
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The experiment succeeds also very well with a condensor and 
plates of brass and zinc, only the contractions under similar cir- 
cumstances are more feeble. 

18. A tongue of zinc being adapted to the silver coating, and one 
of silvér to that of zinc, the experiments described in § 16 were 
repeated, and similar effects produced. 

I have, moreover, succeeded more than once in charging the jar 
little by little by touching an insulated plate of zinc a hundred, 
two hundred, or three hundred times with each of the two coatings 
alternately. And the proof of this was seen in the contractions, 
feeble it is true, but yet quite perceptible, produced in the pre- 
pared frog. 

19. There is another way also in which this jar may be charged. 
Putting the silver coating of the jar in connection with the zinc 
plate of the condensor, and the zinc coating with the silver plate, 
the condenser is charged with double the tension it has when elect- 
rified with the charge of the jar, and this arises from their being 
here as it were two pairs of plates, and the two coatings presenta 
considerable surface. Leaving the followers of De la Rive to con- 
sider by what chemical action they will re-produce the effects of 
these two pairs; we would wish to observe that in charging the 
condensor in this manner, we at the same time charge the jar in a 
slight degree. This is indicated, although with a very minute 
divergence, by the electometer supporting the condenser itself, 
when, after discharging it, the silver coating is brought into con- 
nection with the silver plate, and the zinc coating with that of zinc. 

For if the operation of charging the condensor with the two 
coatings of the jar is repeated several times, and if we then discharge 
it without discharging the jar, it will be seen that the above con- 
densor becomes less charged every time, a proof that the charge of 
the jar goes on increasing and indeed after nine or ten times the jar 
becomes charged to that extent that it causes the leaves of the electro- 
meter to diverge five or six degrees. 

The experiment is performed more quickly, if the condensor is 
discharged consecutively by forming an arc between the two plates 
with the finger and thumb of one hand, every time that it receives 
the charge from the two coatings of the jar. 

20. A condenser then whose plates are of silver and zinc, and a 
Leyden jar whose two coatings are formed of these same two metals 
become mutually charged when the zinc coating touches the silver 
plate of the condensor, the silver coating touching the zinc plate at 
the same time; and if the state of tension in which the jar is, is 
much lower than that of the condenser, it is owing to the extent of 
surface being so much less in the latter. But if the two surfaces 
inserted between the coatings are equal in size, the tension of the 
charges they receive will be equal. 

The following experiment was instituted several times, with two 
condensors of brass and zinc that presented as near as may be an 
equal extent of surface, inasmuch as the plates were of the same size, 
and the intervening stratum as nearly as possible of the same thick- 
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ness. I brought the brass disc of the first condenser into communi- 
cation with the zinc disc of the second, by means of a strip of zinc, 
or any other metal, and at the same time I connected the zinc disc 
of the first with the brass disc of the second, by means of a strip of 
brass or other metal; and on examining the tension with the electro- 
meters that supported them, I have always found, within a very 
little, an equal divergence in the leaves. 

In like manner a pair of Franklinian tables with heterogeneous 
coatings of silver and zinc, and both having in each of their coatings 
a surface of ten square decimeters, and glass borders of equal width, 
became reciprocally charged with a similar tension. 

I also adapted to the jar in question an arrangement which en- 
abled me to charge and discharge it many times in succession with 
some rapidity, that is to say about a hundred times in a second. On 
exposing a frog prepared in the usual manner to these repeated 
electric discharges, and which formed as it were an uninterrupted 
current, it was much more strongly convulsed than when assailed 
with only one of these discharges, and it remained contracted for 
some time, pretty much as when submitted to a continuous current 
from a weak simple voltaic circuit. 

Neither the reo-electrometer nor the galvanometer were in the 
least moved on being subjected to the above discontinuous current ; 
and yet there were indications of chemical action. I think the cur- 
rent circulating in my apparatus is too feeble to produce that kind 
of phenomena. 

At any rate the constructing a battery of jars, or what would be 
better still of Franklinian tables with hetrogeneous coatings of fifty 
or sixty times greater surface than my jar, and then adapting an 
arrangement to it by which it might be charged and discharged 
alternately several hundred times in a second, and then with this 
apparatus imitating the whole of the effects, voltaic circuit would 
have, I think, but one difficulty in its way, namely, meeting with 
some philosopher whom we could convince of its utility, and who 
was possessed of the means of executing it. It is enough for me to 
have discovered by the form I have given to my apparatus, the 
means of demonstrating by simple and conclusive experiments, that 
metals of opposite kinds become electrified when brought into 
contact.“ 


A notice of the arrangement forming the subject of this digression was con- 
tained in a letter of the 10th May, 1838, addressed to Dr. P. Marianini, and 
which subsequently appeared in the Gazetta Piemontese of that year, No. 232. 


It is now more than forty years since Volta showed that the simple contact 
of dissimilar metals produced electrical phenomena. The pile which bears that 
eminent philosopher's name was invented from the discovery of that fact. We 
have discovered, more than ten years ago, that two pieces of the same kind of 
metals produces the same effect.— EDITOR. 
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XXXIII.—On Electrochemical Piles and their use in making metallic 
sulphurets by cementation, and other products. By M. BxcouEnEI.“ 


I informed the academy some years back of several electro-che- 
mical processes by means of which we obtained crystallized sulphurs 
of copper, silver, iron, lead, &c.; my attention has been recalled to 
this subject by examining several pieces of silver which have been 
entirely changed into sulphuret, in consequence of being left for 
some time down a privy. The surface of these pieces was covered 
with small octahedrated crystals, and their texture was crystalline. 
The transformation of the metallic silver into sulphuret must of ne- 
cessity have been effected by cementation, since the pieces still retain 
their form. 

Wishing to imitate this transformation by means of electro- 
chemical actions, I was obliged to change the process I have hitherto 
made use of, as it would not answer for the solution of the question ; 
that which I have substituted for it, has led me to several results, 
important to chemistry in general, and electro-chemistry in parti- 
cular. 

The apparatus I used consisted of a certain number of pipes, bent 
into the form of U. twelve or fifteen centimeters high, and one in 
diameter. Each tube was arranged in the following manner: clay 
moistened with water was put as usual in the bottom of the tube so 
as to occupy a space of about six or seven centimeters, a cotton 
plug was then placed upon the clay in each branch, to prevent the 
products formed, from mixing with the clay. In one of the branches 
was poured a solution of proto-sulphuret of potassium, in the other, 
a tolerably well concentrated solution of nitrate of copper. In the 
first, a plate of silver,and in the other a plate of copper was immersed, 
six tubes were arranged in this manner, I then took a board 15 
millemetres in thickness, and of a convenient length and breadth, 
and notched it so as to fasten it with cement to the bent part of each 
tube. These tubes were so arranged, that the branch containing 
the nitrate of copper was opposite that which contained the proto 
sulphuret of potassium. These arrangements being accomplished, 
a certain number of elements were collected together so as to make 
a pile. It is sufficient for this to connect the copper of the first with 
the silver of the second, and the copper of the second with the sil- 
ver of the third, and so on to the last, then to close the circuit, I 
put the copper of the last in connection with the silver of the first. 
This is the pile to which I gave the name of the electro-chemical 
pile, because it performs the office of a pile, acting entirely on the 
chemical reactions in the interior of the tubes. We may concieve 
that very energetic apparatus may be thus formed, whose effects be- 
come sensible in a very short time, especially when the clay which 
is on the side of the sulphuret, is moistened with a solution of this 
sulphuret, and that in the other branch with a solution of nitrate. 
By means of this arrangement, the two solutions act on each other 
immediately. 

e Translated by J. H. Lang, Esq, ee the Comptes Rendus, No. 20, 1839.) 
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Five er six hours after oneof my apparatus began to act, crystals of 
metallic copper were observed on the copper plates, a characteris- 
ticsigh of the existence of electro-chemical action. Twelve hours 
afterwards, the silver plates were covered with crystals, which being 
analyzed were found to be composed of silver and sulphur. The 
action was continued without interruption for upwards of a fortnight, 
when the plates without having lost their forms were changed into 
sulphuret, whose appearance was the same as that of pieces of silver 
which have remained for a certain number of years down a privy. 
We obtained the same results with one element, but it took longer; 
nothing is more simple than to explain the effects produced: the 
silver in each tube being attached by the sulphur, takes the nega- 
tive electricity which it transmits to the copper: on the other hand, 
the sulphuret of potassium in its reaction on the nitrate, takes the 
negative electricity, which it transmits to the silver, and by that 
means to the copper. Hence the latter is doubly negative as the 
silver itself is doubly positive ; a similar effect taking place in each 
tube, it follows that when they are united in a pile, the action must 
be energetic. 

We will now consider the effects produced. The nitrate of copper 
is decomposed by the plate of the same metal, which is negative: 
the oxygen and nitric acid are carried over to the silver in the proto 
sulphuret of potassium. The oxygen oxidises, the potassium and 
nitric acid combine with the potassa formed, while the sulphur is 
carried over tothe silver and combines with it, forming sulphuret 
which crystallizes by reason of the slow actions. When once the 
surface of the silver is covered with a bed of sulphuret, which oniy 
sticks to it, the sulphur slips between the instertices of the small 
crystals which are formed, and gives rise to a second bed of crystals 
of sulphuret, and so on to the centre of the plate, which increases 
in volume without altering its form ; in consequence of these suc- 
cessive deposits the spaces between which are invisible even with 
a microscope. The junction of all these deposits forms a compact 
mass, having a crystallized texture. This is a real cementation, 
and it is probable that those which occur in nature are produced by 
a similar mode of action. Itis rightly concieved that an electric 
current traversing bodies may deposit some elements in their interior, 
when the molicular interstices are sufficiently open for these elements 
to pass. In this I state a fact and not a theoretical idea. 

Before passing to the results obtained with other metals, I must 
return to the changes which the pieces of silver in the privy undergo. 

We know that silver experiences a rapid alteration in a medium 
where there are sulphurets which can give it a portion of their 
sulphur, whilst the other parts are oxidised. If the action be slow, 
the mass of silver is changed into a sulphuret having a crystallized 
structure, without the form being changed, although the bulk is 
increased. 

In privies this transtormation is frequently effected by sulphurets 
which are found there. In order for the electro-chemical action to 
eperate as in the preceding experiment, it only requires the silver 
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to be in contact with a tolerable conductive carbonacious matter, and 
that it has air to replace the oxygen which proceeds from the re- 
duction of the oxide of copper in the before mentioned experiment 
Hence in my 55 I merely unite the most favorable cir- 
cumstances for the production of the phenomenon, which are not 
always found united in nature. 

We will now pass on to the formation of sulphurets of copper and 
lead ; still employing the action of the electro-chemical piles, whose 
force may be increased at pleasure according to the energy of the 
affinities we wish to produce. 

With copper the effects vary, according as we operate with a 
solution of concentrated persulphuret of potassium, or an equally 
concentrated protosulphuret. In the first case, after a few days we 
began to observe sometimes, on the sides of the tube, beautiful 
white radiated spires of a double insoluble sulphuret of potassium, 
quite incapable of being changed by the air. This compound, sup- 
plied with nitric acid, gives nitrate of potassa and nitrate of copper 
with a liberation of nitrous gas. The plate was sometimes covered 
with crystals of sulphur and small tubercules of the same substance: 
nitrate of potassa was also found in the solution. These effects 
were obtained especially when in the latter a small quantity of sugar 
was added, so as to produce a reaction which I shall explain in 
another memoir. If we continue the operation, nitric acid and 
oxygen being constantly added, act on the products formed, de- 
composing them and giving rise to sulphate and nitrate of copper, 
then to variegated crystals of sulphuret of copper mixed with sul- 
phur in spires. Hence the experiment must be stopped in time, 
if we wish to preserve the first formed products. With protosul- 
phuret of potassium, the effects are the same as with silver, viz., 
that a crystalised sulphuret of copper of a grey metallic appearance 
is formed, in microscopic crystals, trom the minuteness of which it 
is difficult to determine the form. 

This effect was equally obtained with persulphuret when the 
electric current was of a certain intensity. I remark, that when we 
use an electro-chemical apparatus composed of from three to six 
elements, it is often difficult to foresee the effects which will be 
produced since they depend on unforeseen circumstances relative to 
the conductibility of the different elements. 

Lead, with proto sulphuret of potassium, has at first reactions 
analogous to those of silver but with this difference, that the sul- 
phuret is at first pulverulent ; but when the solution becomes less 
concentrated, it forms tuberculous masses of brilliant sulphuret of 
lead, of a crystallized appearance, similar to that of black lead; a 
double sulphuret of lead and potassium is sometimes obtained in 
white needles. 

The substances formed have generally the appearance of those 
corresponding to them in nature. 

From the facts stated in this memoir we may conclude, that 
simple electro-chemical machines may be connected in piles, of 
of which the decomposing action in each machine, depends on the 
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number of these elements, and are capable of producing many com- 
pounds analogous to mineral substances. These piles which act 
with much more energy than the simple machines I have hitherto 
used, act like thelatter for a tolerable time, and with an energyof 
action with which electro-chemistry will henceforth be able to take 
part in calling the attention to preserve successively the compounds 
produced, if we do not wish to see them vanish to be replaced by 
others. 


XXXIV.—Note on the incapability of water lo conduct voltaic 
currents without being decomposed. By W. R. Grove.* 


It is of the utmost importanee to the electro-chemical theory, to 
decide whether the electrolytes can conduct electric currents without 
being decomposed. The well known experiment of Dr. Faraday is 
not conclusive on this point, for if the explanation given by M. 
Becquerel, of the phenomenon of polarised electrodes be admitted, 
it proves that feeble currents are capable of decomposing water. 

Against this explanation the following is worthy of great attention. 
Platina electrodes being immersed in water not acidulated with 
nitric acid, no ebullition of gas could be procured, with a single 
voltaic pair, however long the experiment lasted. However when 
copper electrodes were substituted for these, the decomposition was 
effected, although copper alone is incapable of decomposing acidu- 
lated water, and the two electrodes being of the same metal could 
add nothing to the initial current, since the current produced by 
them being in opposite directions destroy one another: the only 
difference in the latter case is that, there exists no longer any neces- 
sity for disengaging each element to a gaseous state. Hence it 
appears that the feeble current ofa single pair is sufficient to separate 
the elements of water, but not to continue this action by disengaging 
them under the gaseous formt in order to make room for new 
portions. Ifit bethus, the decomposition must soon stop, and if 
the cong on depends on the decomposition, it can no longer take 
place. This question is easily solved by experiment. . 

Dr. Faraday remarked, that when the platina plates in his experi- 
ment (Exp. Res. 1026) remained in contact for some time, and when 
put in contact with a solution of iodide of potassium, the iodide was 


Translated by J. H. Lang, Esq., (from the Comptes Rendus, No. 20, 1839.) 


t The reason why more intensity is required to disengage singly the elements 
in a gaseous state, than to separate tnem, is a very complicated one: at pre- 
sent I only mention the fact, which may be established by a number of 

experiments, 
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not immediately decomposed. He has rightly attributed this to the 
polarised state of the exciting plates, but he has not remedied this 
inconvenience, since up to this time he was unacquainted with the 
method of producing a constant current. 


I repeated Dr. Faraday 's experiment with some alterations as 
follows: the zinc and copper pair of metals I used were for a con- 
stant current, separated by a porous diaphragm, and charged with 
diluted sulphuric acid and sulphate of copper, I guarded against the 
evaporation, in the place of operation, by hermeticaily sealing the 
ends of the tube containing the platina plates. 


Iodide of potassa was then subjected to a constant current pro- 
duced by these metals, and traversing the water of the tube, the 
iodide was decomposed but feebly ; it was removed and the contact, 
established for some minutes between the platina points. 


The iodide being replaced was not decomposed for about the 
space of a minute; after which a very feeble decomposition com- 
menced and continued. Making this last experiment with a short 
wired galvanometer instead of the iodide, I observed no deviation 
although the instrument was extremely delicate. But with a 
Gourjon's long wired galvonometer, I obtained a deviation of nearly 
8°. when the mercury cups of the galvanometer were connected 
together for some minutes by means of an amalgamated copper wire, 
and the latter being suddenly taken away, the current traversed the 
wire of the instrument. Instead of a sudden deviation as usual, the 
needle was not effected for two seconds, the deviation then com- 
menced very slowly and continued till it arrived at 8°., where it 
finally stopped. When the tube containing the eltectrodes was 
suddenly inverted, the decomposition and deviation were excessive, 
and even the polarised electrodes gave an instantaneous deviation 
of 85°. 


These experiments satisfactorily confirm the above mentioned 
ideas. Thus the contact having remained long enough for the 
electrodes to be covered to their greatest extent with the transposed 
elements, on introducing iodide there was no current: the effect of 
this stoppage is to allow these elements a reaction ; the electrodes 
by this means are depolarised, and at a certain point, the initial cur- 
current regains its power and passes on decomposing a fresh the 
water and iodide and repolarising the electrodes: so that a kind 
of intermitting action is established, which however has all the ap- 
pearance of a continual decomposition. With the short wired 
galvanometer there is little interruption, and consequently no ap- 
parent deviation ; but with a very delicate galvanometer some effect 
is percieved, since the long wire give a slight resistance to the cur- 
rent compared to that of iodide. 


In this last experiment, first the perfect immoveability of the 
needle, and the feeble deviation which took place afterwards (when 
we consider the sensibility of the instrument), appears to me con- 
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clusive, and to prove definitively that in water there is no conduc- 
tibility without decomposition.“ 

The following are some experiments which tend to strengthen 
these considerations. 3 

We know from M. Becquerel that if a platina plate be placed in 
nitric acid and another in a solution of caustic potassa, which is 
connected with the acid by means of a porous diaphragm, as soon 
as the communication is effected we have a tolerably evident elec- 
tric current, the alkali taking negative and the acid positive elec- 
tricity ; while with the same arrangement. substituting sulphuric 
or hydro-chloric for the nitric acid, a very feeble current is 
produced. 

The preceding considerations induced me to believe that in these 
last experiments the electricity disengaged by the reaction of the 
- acid on the alkali could not be conducted without the liberation of 
two elements in a gaseous state; consequently, if plates of an 
oxidisable+ metal were used instead of platina, a more energetic 
current would be produced. Having substituted them the results 
were very striking, not only was there a current, but such an ener- 
getic one that it almost equalied that which results from the 
ordinary arrangement of zinc and platina. 

I tried the three following metals, iron, copper, and zinc ; two 
plates of the same metal having been immersed respectively in sul- 
phuric acid and a solution of potassa, or in hydro-chloric acid and 
a solution of potassa, a very decided and constant electric current 
ensued, but much more intense with the zinc than the two other 
metals, the energy increased when the sulphuric acid was diluted 
with half water. 

But the most remarkable fact is, that the plate of zinc which was 
in the acid, although much more attacked chemically than that 
which was in the alkali, always took positive electricity, i. e., it re- 
presented the copper in an ordinary voltaic combination. 

Like phenomena were exhibited with nitric acid: in this acid, 
inactive and active iron, zinc, and copper, always take positive elec- 
tricity with respect to the same metals in potassa, or in sulphuric 
and hydro-chloric acids. 

I am about to try several experiments in this class of phenomena, 
having in view the improvement of voltaic piles. Hitherto I have 
found no better combination than that I had the honor of present- 
ing to the Academy, 15th April, except that in it a solution of 
marine salt may be advantageously substituted for the acidulated 
water. 


* The observations and experiments above-mentioned apply only to water; 
they might, however, be extended in some degree to all electrolytes in which 
water is the solvent. 

+ Perhaps I ought to mention that Sir H. Davy made this experiment, but he 
attributed the current to the chemical action of the alkali on the metal, which 
he considered as stronger than that of the metal. 
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§. 18. On Induction (continued). J ix. Disruptive discharge 
(continued ).—Pecultarities of positive and negative discharge 
either as spark or brush—Glon discharge—Dark discharge.— 
I x. Convection, or carrying discharge. N xi. Relation of a 
vacuum to electrical phenomena. §. 19. Nature of the electrical 
current. 
€ ix. Disruptive discharge continued). 


1480. Let us now direct our attention tothe general difference of 
the positive and negative disruptive discharge, with the object of 
tracing, as far as possible, the cause of that difference, and whether 
it depends on the charged conductors principally, or on the inter- 
posed dielectric; and as it appears to be great in air and nitrogen 
(1476.), let us observe the phenomena in air first. 

1481. The general case is best understood by a reference to sur- 
faces of considerable size rather than to points, which involve (as a 
secondary effect) the formation of currents (1562.). My investigation, 
therefore, was carried on with balls and terminations of different 
diameters, and the following are some of the principa! results. 

1482. Iftwo balls of very different dimensions, as for instance one, 
half an inch, and the other three inches, in diameter, be arranged 
at the ends of rods so that either can be electrified by a machine and 
made to discharge by sparks to the other, which is at the same time 
uninsulated; then, as is well known, ſar longer sparks are obtained 
when the small ball is positive and the large ball negative, than 
when the small ball is negative and the large ball positive. In the 
former case, the sparks are 10 or 12 inches in length ; inthe latter 
an inch or an inch and a half only. 

1483. But previous to the description of further experiments, I 
will mention two words, for which with many others I am indebtec 
toa friend, and which 1 think it would be expedient to introduce an 
use. It is important in ordinary inductive action, to distinguish at 
which charged surface the induction originates and is sustained : 
i. e. if two or more metallic balls, or other masses of matter, are in 
inductive relation, to express which are charged originally, and 
which are brought by them into the opposite electrical condition. 
I propose to call those bodies which are originally charged, inductric 
bodies ; and those which assume the opposite state, in consequence 
of the induction, inducieous bodies. This distinction is not needful 
because there is any difference between the sums of the tnductric 
and the inducteous forces; but principally because, when a ball A 


{ 


266 By Dr. Faradaĝ. 


is inductric, it not merely brings a ball B, which is opposite to it, 
ing an inducteous state, but also many other surrounding con- 
ductors, though some of them may be a considerable distance off, 
and the consequence is, that the balls do not bear the same precise 
relation to each other when, first the one, and then the other, is 
made the inductric ball; though, in each case, the same ball be 
made to assume the same state. 

1484. Another liberty which I may also occasionally take in lan- 
guage J will explain and limit. It is that of calling a particular spark 
or brush, positive or negative, according as it may be considered as 
originating at a positive or a negative surface. We speak of the 
brush as positive or negative when it shoots out from surfaces pre- 
viously;,in those states; and the experiments of Mr. WHEATSTONE 
go to prove that it really begins at the charged surface, and from 
thence extends into the air (1437. 1438.) or other dielectric. Ac- 
cording to my view, sparks. also originate or are determined at one 
particular spot (1370.), namely, that where the tension first rises 
up to the maximum degree ; and when this can be determined, as 
in the simultaneous use of large and small balls, in which case the 
discharge begins or is determined by the latter, I would call that 
discharge which passes af once, a positive spark, if it was at the 
positive surface that the maximum intensity was first obtained, or a 
negative spark, if that necessary intensity was first obtained at the 
negative surface. 

1485. An apparatus was arranged, as in fig. 15. (Plate III.): A 
and B, were brass balls of very different diameters attached to metal 
rods, moving through sockets on insulating pillars, so that the dis- 
tance between the balls could be varied at pleasure. The large 
ball A, 2 inches in diameter, was connected with an insulated brass 
conductor, which could be rendered positive or negative directly 
from a cylinder machine: the small ball B, 0-25 of an inch in 
diameter, was connected with a discharging train (292.) and per- 
fectly uninsulated. The brass rods sustaining the balls were 0:2 of 
an inch in thickness. j 

1486. When the large ball was positive and inductric (1483.), ne- 
gative sparks occurred until the interval was 0'49 of an inch ; then 
mixed brush and spark between that and 0°51; and from 0:52 and 
upwards, negative brush alone. When the large ball was made 

wative and inductric, then positive spark alone occurred until the 
interval was as great as 1°15 inches; spark and brush from that up 
to'1-55 ; and to have the positive brush alone, it required an interval 
of at least 1-65 inches. 

1487. The balls A and B were now changed for each other. 
Then making the small ball B inductric positively, the positive sparks 
alone continued only up to 0°67 ; spark and brush occurred from 
0:68 up to 0°72; and positive brush alone from 0°74 and upwards. 
Rendering the small ball B inductric and negative, negative sparks 
alone occurred up to 0-40; then spark and brush at 0-42 ; whilst 
from 0°44 and upwards the noisy negative brush alone took place. 

1488. Wethus finda great difference as the balls are rendered in- 
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ductric or inducteous ; the sinall ball rendered positive inducteously 
giving a spark nearly twice as long as that produced when it was 
charged positive inductrically, and a similar difference, though not, 
under the circumstances, to the same extent, was manifest when it 
was rendered negative. 

1489. Another result is, that the small ball rendered positive gives 
a much longer spark than when it is rendered negative, and that the 
small ball rendered negative gives a brush more readily than when 
positive, in relation to the effect of increasing distance. 

1490. Whenthe interval was helow 0°4 of an inch, so that the small 
ball should give sparks, whether positive or negative, I could not 
observe that there was any constant difference, either in their ready 
occurrence or the number which passed in a giventime. But when 
the interval was such that the soal ball when negative gave a brush, 
then the discharges from it, as separate negative brushes, were far 
more numerous than the corresponding discharges from it when 
rendered positive, whether those positive discharges were as sparks 
or brushes. 

1491. It is,therefore,evident that, when a ball is discharging elec- 
tricity in the form of brushes, the brushes are far more numerous, 
and each contains or carries off far less electric force when the elec- 
tricity so discharged is negative, than when it is positive. 

1492. In all such experiments as those described, the point of change 
trom spark to brush is very much governed by the working state 
of the electrical machine and the size of the conductor connected 
with the discharging ball. If the machine be in strong action and 
the conductor large, so that much power is accumulated quickly 
for each discharge, then the interval is greater at which the sparks 
are replaced by brushes ; but the general effect is the same. 

1498. These results, though indicative of very striking and peculiar 
relations of the electric force or forces, do not show the relative 
degrees of charge which the small ball acquires before discharge 
occurs, i.e. they do not tell whether it acquires a higher condition 
in the negative or n the positive state, immediately preceding that 
discharge. To illustrate this important point I arranged two places 
of discharge as represented fig. 16. A and D are brass balls two 
inches in diameter, Band C are smaller brass balls 0:25 of an inch 
in diameter; the forks L and R supporting them were of brass 
wire 0-2 of an inch in diameter: the space between the large and 
small ball on the same fork was 5 inches, that the two places of dis- 
charge n and o might be sufficiently removed from each other's in- 
fluence. The fork L was connected with a projecting cylindrical 
conductor, which could be rendered positive or negative at pleasure, 
by an electrical machine, and the fork R was attached to another 
conductor, but thrown into an uninsulated state by connection with 
a discharging train. The two intervals or places of discharge n and 
o could be varied at pleasure, their extent being measured by the 
occasional introduction of a diagonal scale. It is evident that as the 
balls A and B connected with the same conductor are always 
charged at once, and that discharge may take place to either of the 
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balls connected with the discharging train, the intervals of dis- 
charge n and o may be properly compared to each other, as respects 
the influence of large and small balls when charged positively and 
negatively in air. 

1494. When the intervals n and o were each made = 0°9 of an 
inch, and the balls A and B inductric positively, the discharge was 
all at n from the small ball of the conductor to the large ball of the 
discharging train, and mostly by positive brush, though once by a 
spark. When the balls A and B were made inductric negatively, 
the discharge was still from the same small ball, at n, by a constant 
negative brush. | 

1495. I diminished the intervals n and o to 0-6 of an inch. When 
A and B were inductric positively, all the discharge was at & as a 
positive brush: when A and B were inductric negatively, still all 
the discharge was at n, as a negative brush. 

1496. The facility of discharge at the positive and negative small 
balls, therefore, did not appear to be very different. If a difference 
had existed, there were always two small balls, one in each state, 
that the discharge might happen at that most favourable to the 
effect. The only difference was, that one was in the inductric, and 
the other in the inducteous state, but whichever happened for the 
time to be in that state, whether positive or negative, had the 
advantage. 

1497. To counteract this interfering influence, I made the interval 
n = 0°79 and interval o = 0°58 of an inch. Then, when the balls 
A and B were inductric positive, the discharge was about equal at 
the two intervals. When, on the other hand, the balls A and B 
were inductric negative, there was discharge, still at both, but most 
most at n, as if the small ball negative could discharge a little easier 
than the small ball positive. 

1498. The small balls and terminations used in these and similar 

experiments may very correctly be compared, in their action, to the 
small balls and ends when electrified in free air at a much greater 
distance from conductors, than they were in those cases from each 
other. In the first place, the discharge, even when as a spark, is, 
according to my view, determined, and, so to speak, begins at a 
spot on ne surface of the small ball (1274.), occurring when the 
intensity there has risen up to a certain maximum limiting degree 
(1370.); this determination of discharge at a particular spot first, 
being easily traced from the spark into the brush, by increasing the 
distance, so as, at last, even to render evident the time which is 
necessary (1436. 1428.). In the next place, the large balls which 
I have used might be replaced by larger balls at a still greater dis- 
tance, and so, by successive degrees, may be considered as passing 
into the sides of the rooms ; these being under general circumstances 
the inducteous bodies, whilst the small ball rendered either positive 
or negative is the inductric body. 

1499. But, as has long been recognised, the small ball is only a 

blunt end, and, electrically speaking, a point only a small ball; so 
that when a point or blunt end is throwing out its brushes into the 
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air, it is acting exactly as the small balls have acted in the experi- 
ments already described, and by virtue of the same properties and 
relations. 

1500. It may veryproperly besaid with respect tothe experiments, 
that the large negative ball is as essential to the discharge as the 
small positive ball, and also that the large negative ball shows as 
much superiority over the large positive ball (which is inefficient 
in causing a spark from its opposed small negative ball) as the small 
positive ball does over the small negative ball ; and probably when 
we understand the real cause of the difference, and refer it rather 
to the condition of the particles of the dialectric than to the sizes of 
the conducting balls, we may find much importance in such an 
observation. But for the present, and whilst engaged in investi- 
gating the point, we may admit, what is the fact, that the forces 
are of higher intensity at the surfaces of the smaller balls than at 
those of the larger (1372. 1374.) ; that the former, therefore, deter- 
mine the discharge, by first rising up to that exalted condition 
which is necessary for it; and that, whether brought to this con- 
dition by induction towards the walls of a room or the large ball 
I have used, these may fairly be compared one with the other in 
their influence and actions. 

1501. The conclusions I arrive at are: first, that when two equal 
small conducting surfaces equally placed in air are electrified, one 
positively and the other negatively, that which is negative can dis- 
charge to the air at a tension a little lower than that required for 
the positive ball: second, that when discharge does take place, 
much more passes at each time from the positive than from the 
negative surface (1491.). The last conclusion is very abundantly 
proved by the optical analysis of the positive and negative brushes 
already described (1468.), the latter set of discharges being found 
to recur five or six times oftener than the former.* 

1502. If, now, a small ball be made to give brushes or brushy 
sparks by a powerful machine, we can, in some measure, under- 
stand and relate the difference perceived when it is rendered posi- 
tive or negative. It is known to give when positive a much larger 
and more powerful spark than when negative, and with greater 
facility (1482.); in fact, the spark, although it takes away so much 
more electricity at once, commences at a tension higher only in a 
small degree, if at all. On the other hand, if rendered negative, 
though discharge may commence at a lower degree, it continues 
but for a very short period, very little electricity passing away each 
time. These circumstances are directly related, for the extent to 
which the positive spark can reach, and the size and extent of the 
positive brush, are consequences of the capability which exists of 
much electricity passing off at one discharge from the positive 
surface (1468. 1501.). 

1503. But to relate these effects only tothe form and size of the 


* Avery excellent mode of examining the relation of small positive and ne- 
gative surfaces would be by the use of drops of gum water, solutions, or other 
liquids, See onwards (1581. 1593.). 


260 Experimental Researches in Electricity. 


conductor, would, according to my notion of induction, be a very 
imperfect mode of viewing the whole question (1523.). I expect 
that the effects are due altogether to the mode in which the parti- 
cles of the interposed dielectric polarize, and I have already given 
some experimentai indications of the differences presented by dif- 
ferent dielectrics in this respect (1475. 1476.). The modes of 
polarization, as I shall have occasion hereafter to show, may be 
very diverse in different dielectrics. With respect to common air, 
what seems to be the consequence of a superiority in the positive 
force at the surface of the smal] ball, may be due to the more 
exalted condition of the negative polarity of the particles of air, or 
of the nitrogen in it (the negative part being, perhaps, more com- 
pressed, whilst the positive part is more diffuse, or vice versd) ; for 
such a condition could determine certain effects at the positive ball 
which would not take place to the same degree at the negative ball, 
just as well as if the positive ball had possessed some special and 
independent power of its own. 

1504. That the effects are more likely to be dependent upon the 
dielectric than the ball, is supported by the character of the two 
discharges. If a small positive ball be throwing off brushes with 
ramifications ten inches lonz. how can the ball effect that part of a 
ramification which is five inches from it? Yet the portion beyond 
that place has the same character as that preceding it, and no doubt 
has that character impressed by the same general principle and 
law. Looking upon the action of the contiguous particles of a 
dielectric as fully proved, I see, in such a ramification, a propaga- 
tion cf discharge from particle to particle, each doing for the one 
next it what was done for it by the preceding particles and what 
was done for the first particle by the charged metal against which 
it was situated. 

1505. With respect to the general condition and relations of the 
positive and negative brushes in dense or rare air, or in other media 
and gases, if they are produced at different times and places, they 
are of course independent of each other. But when they are pro- 
duced from opposed ends or balls at the same time, in the same 
vessel of gas (1470. 1477.), they are frequently related; and cir- 
cumstances may be so arranged that they shall be isochronous, 
occurring in equal numbers in equal times; or shall occur in 
multiples, i.e. with two or three negatives to one positive ; or shall 
alternate, or be quite irregular. All these variations I have wit- 
nessed ; and when it is considered that the air in the vessel, and 
also the glass of the vessel, can take a momentary charge, it is easy 
to comprehend their general nature and cause. 

1506. Similar experiments to those in air (1485. 1493.) were 
made in different gases, the results of which I will describe as 
briefly as possible. The apparatus is represented fig. 17. consisting 
of a bell-glass eleven inches in diameter at the widest part, and ten 
and a half inches high up to the bottom of the neck. The balls 
are lettered, as in fig. 16, and are in the same relation to each other; 
but A and B were on separate sliding wires, which, however, were 
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generally joined by a cross wire, w, above, and that connected with 
the brass conductor, which received its positive or negative charge 
from the machine. The rods of A and B were graduated at the 
part moving through the stuffing-box, so that the application of a 
diagonal scale applied there, told what was the distance between 
these balls and those beneath them. As to the position of the balls 
in the jar, and their relation to each other, C and D were three and 
a quarter inches apart, their height above the pump plate five inches, 
and the distance between any of the halls and the glass of the jar 
one and three quarter inches at least, and generally more. The 
balis A and D were two inches in diameter, as before (1493.): the 
balls B and C only 0:15 of an inch in diameter. : 

Another apparatus was occasionly used in connection with the 
one just described, being an open discharger (fig. 18.), by which a 
comparison of the discharge in air and that in gases could be ob- 
tained. The balls E and F, each 0°6 of an inch in diameter, were 
connected with sliding rods and other balls, and were insulated. 
When used for comparison, the brass conductor was associated at 
the same time with the balls A and B of figure 17 and ball E of this 
apparatus (fig. 18); whilst the balls C P and F were connected with 
the discharging train. 

1507. I will first tabulate the results as to the restraining power 
of the gases over discharge. The balls A and C (fig. 17.) were 
thrown out of action by distance, and the effects at B and D, or the 
interval n inthe gas, compared with those at the interval p in the 
air, between E and F (fig. 18.). The table sufficiently explains 
itself. It will be understood, that all discharge was in the air, when 
the interval there was less than that expressed in the first or third 
columns of figures ; and all the discharge in the gas, when the inter- 
val in air was greater than that in the second or fourth column of 
figures. At intermediate distances the discharge was occasionally 
at both places, i. e. sometimes in the air, sometimes in the gas. 


Interval p in parts of an inch. 


When the small ball B When the small ball was 
f was inductric and positive, inductric and negative, the 
Constant interval n ber- the discharge was all discharge was all 


ween B and D — I inch. at p in at n in he at p in at in tlio 
air before. gas after. air before. gas after. 
In Air 0°40 0:50 0°28 0°30 
In Nitrogen . 0˙30 0-65 0:31 0°40 
In Oxygen 0°33 0°52 0:27 0°30 
In Hydrogen 0°20 0:40 0°22 0:24 
In Coal gas 020 0:90 0'20 0°27 
In Carbonic acid ...... 0.64 130 0-30 0:45 


1508. These results are the same generally, as far as they go, as 
those of the like nature in the last series (1388.), and confirm the 
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conclusion that different gases restrain discharge in very different 
proportions. They are probably not so good as the former ones, 
for the glass jar not being varnished, acted irregularly, sometimes 
taking a certain degree of charge as a non-conductor, and at other 
times acting as a conductor in the conveyance and derangement of 
that charge. Another cause of difference in the ratios is, no doubt, 
the relative sizes of the discharge balls in air; in the former case 
they were of very different size, here they were alike. 

1509. In future experiments intended to have the character of 
accuracy, the influence of these circumstances ought to be ascertain- 
ed, and, above all things, the gases themselves ought to be contained 
in vessels of metal, and not of glass. 

1510. The next set of results are those obtained when the inter- 
- vals n and o (fig. 17.) were made equal to each other, and relate to 
the greater facility of discharge at the small ball, when rendered 
positive or negative (1493.). 

1511. In air, with the intervals = 0-4 of an inch, A and B being 
inductric and positive, discharge was nearly equal at n and o; when 
A and B were inductric and negative, the discharge was mostly 
at n by negative brush. When the intervals were == 0*8 of an inch, 
with A and B inductric positively, all discharge was at n by positive 
brush; with A and B inductric negatively, all the discharge was at 
n by a negative brush. It is doubtful, therefore, from these results, 
whether the negative ball has any greater facility than the positive. 

1512. Nitrogen.—Intervals n and o = 0°4 of an inch: A B induc- 
tric 5 discharge at both intervals, most at n, by positive 
sparks; A B inductric negative, discharge equal at n and o. The 
intervals made = 0'8 of an inch: A B inductrie positive, discharge 
all atx by positive brush; A B inductric negative, discharge most 
at o by positive brush. In this gas, therefore, though the difference 
is not decisive, it would seem that the positive small ball caused the 
most ready discharge. 

1513. Oæygen.—Intervals n and o = 0-4 of an inch: A, B in- 
ductric positive, discharge nearly equal; inductric negative, dis- 
charge mostly at n by negative brush. Made the intervals = 0°8 
of an inch: A B inductric positive, discharge at n and o; inductric 
negative, discharge all at o by negative brush. So here the nega- 
tive small ball seems to give the most ready discharge. 

1514. Hydrogen.—Intervals n and o = 0'4 of an inch: AB 
inductric positive, discharge nearly equal ; inductric negative, dis- 
charge mostly at o. Intervals = 0'8 of an inch: A and B induc- 
tric positive, discharge mostly at n, as positive brush; inductric 
negative, discharge mostly at o, as positive brush. Here the positive 
discharge seems most facile. 

1515. Coal gas.—n ando = 0'4 of an inch: A B inductric posi- 
tive, discharge ne#ħy all at o-by negative spark: A B inductric 
negative, discharge nearly all at by negative spark. Intervals 
= 0'8 of an inch, and A B inductric positive, discharge mostly at 
o by negative brush: A B inductric negative, discharge all at n by 
negative brush. Here the negative discharge most facile. 
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1516. Carbonie acid gas.—n and o = 0'4 ofan inch: A B induc- 
tric positive, discharge nearly all at o, or negative: A B inductric 
negative, discharge nearly all at n, or negative. Intervals = 0'8 
of an inch: AB inductric positive, discharge mostly at o, or nega- 
tive: A B inductric negative, discharge all at n, or negative. In 
this case the negative had a decided advantage in facility of discharge. 

1517. Thus, if we may trust this form of experiment, the nega- 
tive small ball has a decided advantage in facilitating disruptive dis- 
charge over the positive small ball in some gases, as in carbonic acid 
gas and coal gas (1399.), whilst in others that conclusion seems more 
doubtful; and in others, again, there seems a probability that the 
positive small ball may be superior. All these results were obtained 
at very nearly the same pressure of the atmosphere. 

1518. I made some experiments in these gases whilst in the air 
jar (fig. 17.), as to the change from spark to brush, analogous to 
those in the open air already described (1486. 1487.). I will give 
in a table, the results as to when brush began to appear mingled with 
the spark ; but the after results were so varied, and the nature of 
the discharge in different gases so different, that to insert the results 
obtained without further investigation, would be of little use. At 
intervals less than those expressed the discharge was always by 
spark. 


Discharge between balls | Discharge between balls 
B and D. A and C. 


Small ball B|Small bail B Large ball A Large ball A 
inductric posjinductric neg inductric pos ‘inductric neg 


J da ew eee we 0°55 0-30 0°40 0°75 
Nitrogen ..............., 0°30 0:40 0:52 0°41 
Oxygen 0°70 0°30 0.45 0°82 
Hydrogen 0˙20 0°10 

Coal gas . 13 0˙30 0˙30 0˙14 
Carbonic acid ......... 0-82 0-43 1-60 ae = 


1519. It is to be understood that sparks occurred at much higher 
intervals than these ; the table only expresses that distance beneath 
which all discharge was as spark. Some curious relations of the 
different gases to discharge are already discernible, but it would be 
useless to consider them until illustrated by further experiments. 

1520. I ought not to omit noticing here, that Professor BELLI 
of Milan has published a very valuable set of experiments on the 
relative dissipation of positive and negative electricity in the air“; 
he finds the latter far more ready, in this respect, than the former. 

1521. I made some experiments of a similar kind, but with sus- 
tained high charges ; the results were less striking than those of Sig- 
nore Bet, and I did not consider them as satisfactory. I may be 
allowed to mention, in connection with the subject, an interfering 


* Bibliotheque Universelle, 1836, September, p. 152. 


264 Experimental Researches in Electricity. 


effect which embarrassed me for a long time. When I threw positive 
electricity from a given point into the air, a certain intensity was in- 
dicated by an electrometer on the conductor connected with the 
point, but as the operation continued this intensity rose several de- 
grees; then making the conductor negative with the same point 
attached to it, and all other things remaining the same, a certain 
degree of tension was observed in the first instance, which also 
gradually rose as the operation proceeded. Returning the conductor 
to the positive state, the tension was at first low, but rose as before ; 
and so also when again made negative. 

1522. This result appeared to indicate that the point which had 
been given of one electricity, was, by that, more fitted for a short 
time to give of the other. But on closer examination I found thie 
whole depended upon the inductive reaction of that air, which being 
charged by the point, and gradually increasing in quantity before 
it, as the positive or negative issue was continued, diverted and re- 
meved a part of the inductive action of the surrounding wall, and 
thus apparently affected the powers of the point, whilst really it was 
the dielectric itself that was causing the change of tension. 

1523. The results connected with the different conditions of posi- 
tive and negative discharge will have a far greater influence on the 
philosophy of electrical science than we at present imagine, especi- 
ally if, as I believe, they depend on the peculiarity and degree of 
polarized condition which the molecules of the dielectrics concerned 
acquire (1503. 1600.). Thus, for instance, the relation of our 
atmosphere and the earth within it, to the occurrence of spark or 
brush, must be especial and not accidental. It would not else 
consist with other meteorological phenomena, also of course depen- 
dent on the special properties of the air, and which being themselves 
in harmony the most perfect with the functions of animal and vege- 
table life, are yet restricted in their actions, not by loose regulations, 
but by laws the most precise. 

1524. Even in the passage through air of the voltaic current, we 
see the peculiarities of positive and negative discharge at the two 
charcoal points; and if these discharges are made to take place 
simultaneously to mercury, the distinction is still more remarkable. 

1525. It seems very possible that the striking difference recently 
observed and described by my friend Professor DANIELL*, namely, 
that when a zinc and a coppa ball, the same in size, were placed 
respectively in copper and zinc spheres, also the same in size, and 
excited by electrolytes or dielectrics of the same strength and nature, 
the zinc ball far surpassed the zinc sphere in action, may also be 
connected with these phenomena ; for it is not difficult to conceive 
how the polarity of the particles shall baaffected by the circumstance 
of the positive surface, namely the zinc, being the larger or the 
smaller of the two inclosing the electrolyte. ie is even possible, 
that with different electrolytes or dielectrics the ratio may be con- 
siderably varied, or in some cases even inverted. 


* Philosophical Transactions, 1838, p. 47. 
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1526. That form of disruptive discharge which appears as a glow 
(1359. 1405.), is very peculiar and beautiful : it seems to depend on 
a quick and almost continuous charging of the air close to, and in 
contact witb, the conductor. 

1527. Diminution of the charging surface will produce it. Thus, 
when a rod 0°3 of an inch in diameter, with a rounded termination, 
was rendered positive in free air, it gave fine brushes from the ex- 
tremity, but occasionally these disappeared, and a quiet phospho- 
rescent continuous glow took their place, covering the whole of the 
end of the wire, and extending a very small distance from the metal 
into the air. With a rod 0-2 of an inch in diameter the glow was 
more readily produced. With still smaller rods, and also with 
blunt conical points, it occurred still more readily ; and with a fine 
point I could not obtain the brush in free air, but only this glow. 
The positive glow and the positive star are, in fact, the same. 

1528. Increase of power in the machine tends to produce the 
glow; for rounded terminations which will give only brushes 
where the machine is in weak action, will readily give the glow 
when it is in good order. 

1529. Rarefaction of the air wonderfully favours the glow phe- 
nomena. A brass ball, two and a half inches in diameter, being 
made positively inductric in an air-pump receiver, became covered 
with glow over an area of two inches in diameter, when the pres- 
sure was reduced to 4'4 inches of mercury. By a little adjustment 
the ball could be covered all over with this light. Using a brass 
ball 1-25 inches in diameter, and making it inducteously positive 
by an inductric negative point, the phenomena, at high degrees of 
rarefaction, were exceedingly beautiful. The glow came over the 
pe ball, and gradually increased in brightness, until it was at 
ast very luminous; and it also stood up like a low flame, half an 
inch or more in height. On touching the sides of the glass jar 
this lambent flame was affected, assumed a ring form, like a crown 
on the top of the ball, appeared flexible, and revolved with a com- 
paratively slow motion, i. e. about four or five times in a second. 
This ring-shape and revolution are beautifully connected with the 
mechanical currents (1576.) taking place within the receiver. 
These glows in rarefied air are often highly exalted in beauty by a 
spark discharge at the conductor (1551. Note). 

1530. To obtain a negative glow in air at common pressures is 
difficult. I did not procure it on the rod 0-3 of an inch in diameter 
by my machine, nor on much smaller rods ; and it is questionable 
as yet, whether, even on fine points, what is called the negative 
star is a very reduced and minute, but still intermitting brush, or 
a glow similar to that obtained on a positive point. 

1531. In rarefied air the negative glow can easily be obtained. 
If the rounded ends of two metal rods, about 0-2 of an inch in 
diameter, are introduced into a globe or jar (the air within being 
rarefied), and being opposite to each other, are about four inches 
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apait, the glow can be obtained on both rods, covering not only 
the ends, but an inch or two of the part behind. On using balls 
in the air-pump jar, and adjusting the distance and exhaustion, the 
negative ball could be covered with glow, whether it were the in- 
ductric or the inducteous surface. 

1532. When rods are used it is necessary to be aware that, if 
placed concentrically in the jar or globe, the light on one rod is 
often reflected by the sides of the vessel on to the other rod, and 
makes it apparently luminous, when really it is not so. This 
effect may be detected by shifting the eye at the time of observa- 
tion, or avoided by using blackened rods.. 

1533. It is curious to observe the relation of glow, brush, and 
spark to each other, as produced by positive or negative surfaces; 
thus, beginning with spark discharge, it passes into brush much 
sooner when the surface at which the discharge commences (1484.) 
is negative, than it does when positive; but proceeding onwards in 
the order of change, we find that the positive brush passes into 
glow long before the negative brush does. So that, though each 
presents the three conditions in the same general order, the series 
are not precisely the same. It is probable, that, when these points 
are minutely examined, as they must be shortly, we shall find that 
each different gas or dielectric presents its own peculiar results, de- 
pendent upon the mode in which its particles assume polar electric 
condition. 

1534. The glow occurs in all gases in which I have looked for 
it. These are air, nitrogen, oxygen, hydrogen, coal gas, carbonic 
acid, muriatic acid, sulphurous acid and ammonia. I thought also 
that I obtained it in oil of turpentine, but if so it was very d 
and small. | 

1535. The glow is always accompanied by a wind proceeding 
either directly out from the glowing part, or directly towards it; 
the former being the most general case. This takes place even 
when the glow occurs upon a ball of considerable size: and if 
matters be so arranged that the ready and regular access of air to 8 
part exhibiting the glow be interfered with or prevented, the glow 
then disappears. | 

1536. I have never been able to analyse or separate the glow 
into visible elementary intermitting discharges (1427. 1433.), nor 
to obtain the other evidence of intermitting action, namely un 
audible sound (1431.). The want of success, as respects trials 
made by ocular means, may depend upon the large size of the glow 
preventing the separation of the visible images: and, indeed, y 
does intermit, it is not likely that all parts intermit at once with 8 
simultaneous regularity. i 

1537. All the effects tend to show, that glow is due to a continu 
ous charge or discharge of air; in the former case being a f 
panied by a current from, and in the latter by one to, the place o 
the glow. As the surrounding air comes up to the charged con 
ductor, on attaining that spot at which the tension of the particles 
is raised to the sufficient degree (1270. 1410.), it becomes charged, 
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and then moves off, by the joint action of the forces to which it is 
subject; and, at the same time that it makes way for other parti- 
cles to come and be charged in turn, actually helps to form that 
current by which they are brought into the necessary position. 
Thus, through the regularity of the forces, a constant and quiet 
result is produced ; and that result is, the charging of successive 
portions of air, the production of a current, and of a continuous 
low. 

i 1538. I have frequently been able to make the termination of a 
rod, which, when left to itself, would produce a brush, produce in 
preference a glow, simply by aiding the formation of a current of 
air at its extremity ; and. on the other hand, it is not at all difficult 
to convert the glow into brushes, by affecting the current of air 
(1574. 1579.) or the inductive action near it. 

1539. The transition from glow, on the one hand, to brush and 
spark, on the other, and, therefore, their connexion, may be esta- 
blished in various ways. Those circumstances which tend to faci- 
litate the charge of the air by the excited conductor, and also those 
which tend to keep the tension at the same degree notwithstanding 
the discharge, assist in producing the glaw; whereas those which 
tend to resist the charge of tke air or other dielectric, and those 
which favour the accumulation of electric force prior to discharge, 
which, sinking by that act, has to be exalted before the tension can 
again acquire the requisite degree, favour intermitting discharge, 
and, therefore, the production of brush or spark. Thus, rarefac- 
tion of the air, the removal of large conducting surfaces from the 
neighbourhood of the glowing termination, the presentation of a 
sharp point towards it, help to sustain or produce the glow: but 
the condensation of the air, the presentation of the hand or other 
large surface, the gradual approximation of a discharging ball, 
tend to convert the glow into brush or even spark. All these cir- 
cumstances may,be traced and reduced, in a manner easily com- 
prehensible, to their relative power of assisting to produce, either 
a continuous discharge to the glow, which gives the air; or an inter- 
rupted one, which produces the brush, and, in a more exalted 
condition, the spark. j 

1540. The rounded end of a brass rod, 0°3 of an inch in diameter, 
was covered with a positive glow by the working of an electrical 
machine: on stopping the machine, so that the chatge of the con- 
nected conductor should fall, the glow changed for a moment into 
brushes just before the discharge ceased altogether, illustrating the 
necessity for a certain high continuous charge, for a certain sized 
termination. Working the machine so that the intensity should be 
just low enough to give continual brushes from the end in free air, 
the approach of a fine point changed these brushes into a glow. 
Working the machine so that the termination presented a continual 
glow in free air, the gradual approach of the hand caused the glow 
to contract at the very end of the wire, then to throw out a 
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luminous point, which, becoming a foot stalk (1426.), finally pro- 
duced brushes with large ramifications. 

1541. Greasing the end of a rounded wire will immediately 
make it produce brushes instead of glow. A ball having a blunt 
point which can be made to project more or less beyond its surface, 
at pleasure, can be made to produce every gradation from glow, 
through brush, to spark. 

1542. It is also very interesting and instructive to trace the 
transition from spark to glow, through the intermediate condition 
of stream, between ends in a vessel containing air more or less 
rarefied ; but I fear to be prolix. 

1543. All the effects show, that the glow is in its nature exactly 
the same as the luminous part of a brush or ramification, namely a 
charging of air; the only difference being, that the glow hasa 
continuous appearance from the constant renewal of the same action 
in the same place, whereas the ramification is due to a momentary, 
independent and intermitting action of the same kind. 


Dark Discharge. 

1544. I will now notice a very remarkable circumstance in the 
luminous discharge accompanied by negative glow, which may, 
perhaps, be correctly traced hereafter into discharges of much 
higher intensity. Two brass rods, 0'3 of an inch in diameter, 
entering a glass globe on opposite sides, had their ends brought 
into contact, and the air about them very much rarefied. A dis- 
charge of electricity from the machine was then made through 
them, and whilst that was continued the ends were separated from 
each other. At the moment of separation a continuous glow came 
over the end of the negative rod, the positive termination remaining 
quite dark. As the distance was increased, a purple stream or haze 
appeared on the end of the positive rod, and proceeded directly 
outwards towards the negative rod ; elongating as the interval was 
enlarged, but never joining the negative glow, there being always 
a short dark space between. This space, of about 1-16th or 1-20th 
of an inch, was apparently invariable in its extent and its position, 
relative to the negative rod; nor did the negative glow vary. 
Whether the negative end were inductric or inducteous, the same 
effect was produced. It was strange to see the positive purple 
haze diminish or lengthen as the ends were separated, and yet 
this dark space ard the negative glow remain unaltered (fig. 19.). 

1545. Two balls were then used in a large air-pump receiver, 
and the air rarefied. The usual transitions in the character of the 
discharge took place; but whenever the luminous stream, which 
appears after the spark and the brush have ceased, was itself 
changed into glow at the balls, the dark space occurred, and that 
whether the one or the other ball was made inductric, or positive, 
or negative. 

1546. Sometimes when the negative ball was large, the machine 
in powerful action, and the rarefaction high, the ball would be 
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covered over half its surface with glow, and then, upon a hasty 
observation, would seem to exhibit no dark space: but this was a 
deception, arising from the overlapping of the convex termination 
of the negative glow and the concave termination of the positive 
stream. More careful observation and experiment have convinced 
me, that when the negative glow occurs it never visibly touches the 
luminous part of the positive discharge, but that the dark space is 
always there. 

1547. This singular separation of the positive and negative dis- 
charge, as far as concerns their luminous character, under circum- 
stances which one would have thought very favourable to their 
coalescence, is probably connected with their differences when in 
the form of brush, and is perhaps even dependent on the same cause. 
Further, there is every likelihood that the dark parts which occur 
in feeble sparks are also connected with these phenomena“. To 
understand them would be very important, for it is quite clear that 
in many of the experiments, indeed in all that J have quoted, dis- 
charge is taking place across the dark part of the dielectric to an 
extent quite equal to what occurs in the luminous part. This dif- 
ference in the result would seem to imply a distinction in the modes 
by which the two electric forces are brought into equilibrium in 
the respective parts; and looking upon all the phenomena as giving 
additional proofs, that it is to the condition of the particles of the 
dielectric we must refer for the principles of induction and discharge, 
so it would be of great importance if we could know accurately in 
what the difference of action in the dark and the luminous parts 
consisted. 

1548. The dark discharge through air (1552.), which in the case 
mentioned is very evident (1544.), leads to the enquiry, whether 
the particles of air are generally capable of affecting discharge from 
one to another without becoming luminous; and the enquiry is 
important, because it is connected with that degree of tension which 
is necessary to originate discharge (1368. 1370.). Discharge be- 
tween air and conductors without luminous appearances are very 
common ; and non-luminous discharges by carrying currents of air 
and other fluids (1562. 1595.) are also common enough: but these 
are not cases in point, for they are not discharges between insulating 
particles. 

1549. An arrangement was made for discharge between two balls 
(1485. fig. 15., but, in place of connecting the inducteous ball di- 
rectly with the discharging train, it was put in communication with 
the inside coating of a Leyden jar, and the discharging train with 
the outside coating. Then working the machine, it was found that 
whenever sonorous and luminous discharge occurred at the balls A 
B, the jar became charged ; but that when these did not occur, the 
jar required no charge : and such was the case when small rounded 
terminations were used in place of the balls, and also in whatever 
manner they were arranged. Under these circumstances, therefore, 


* Sec Professor JOHNSON's experiments. SiIIIMAN's Journal, xxv. p. 37. 
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discharge even between the air and conductors was always luminous. 

1550. But in other cases, the phenomena are such as to make it 
almost certain, that dark discharge can take place across air. If the 
rounded end of a metal rod, 0°15 of an inch in diameter, be made 
to give a good negative brush, the approach of a smaller end ora 
blunt point opposite to it will, at a certain distance, cause a dimi- 
nution of the brush, and a glow will appear on the positive induc- 
teous wire, accompanied by a current of air passing from it. Now, 
as the air is being charged both at the positive and negative surfaces, 
it seems a reasonable conclusion, that the charged portions meet 
somewhere in the interval, and there discharge to each other, with- 
out producing any luminous phenomena. It is possible, however, 
that the air electrified positively at the glowing end may travel on 
towards the negative surface, and actually form that atmosphere 
into which the visible negative brushes dart, in which case dark dis- 
cherge need not, of necessity occur. But I incline to the former 
opinion, and think that the diminution in size of the negative brush, 
as the positive glow comes on to the end of the opposed wire, is in 
favour of that view. 

1551. Using rarefied air at the dielectric, itis very easy to obtain 
luminous phenomena as brushes, or glow, upon both conducting 
balls or terminations, whilst the interval is dark, and that, when the 
action is so momentary that I think we cannot refer to currents as 
affecting discharge across the dark part. Thus if two balls, about 
an inch in diameter, and 4 or more inches apart, have the air rarefied 
about them, and are then interposed in the course of discharge, an 
interrupted or spark current being produced at the machine, * each 
termination may be made to show Juminous phenomena, whilst 
more or less of the interval is quite dark. The discharge will 
as suddenly as a retarded spark (295. 334.), i. e. in an interval of 
time almost inappreciably small, and in such a case, I think it must 
have passed across the dark part as true disruptive discharge, and 
not by convection. 

1552. Hence I conclude that dark disruptive discharge may 
occur (1547. 1550.) ; and also, that, in the luminous brush, the 
visible ramifications may not show the full extent of the disruptive 
discharge (1444. 1452.), but that each may have a dark outside, 
enveloping, as it were, every part through which the discharge ex- 
tends. Itis probable, even, that there are such things as dark dis- 
charges analogous in form to the brush and spark, but not luminous 
in any part (1445.). 

1553. The occurrence of dark discharge in any case shows at how 
low a tension disruptive discharge may occur (1548.), and indicates 
that the light of the ultimate brush or spark is in no relation to the 
intensity required (1368. 1370.). So to speak, the discharge begins 


* By spark current 1 mean one passing in a series of spark between the con- 
ductor of the machine and the apparatus: by a continuous current one that 
passes through metallic conductors, and in that respect without interruption at 
the same place. 
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in darkness, and the light is a mere consequence of the quantity 
which, after discharge has commenced, flows to that spot and there 
finds its most facile passage (1418. 1435.). As an illustration of the 
growth generally of discharge, I may remark that, in the experi- 
ments on the transition in oxygen of the discharge from spark to 
brush (1518.), every spark was immediately preceded by a short 
brush. 

1554. The phenomena relative to dark discharge in other gases, 
though differing in certain characters from those in air, confirm the 
conclusions drawn above. The two rounded terminations (1544.) 
(fig. 19.), were placed in muriatic acid gas (1445. 1463.) at the 
pressure of 6°5 inches of mercury, and a continuous machine current 
of electricity sent through the apparatus: bright sparks occurred 
until the interval was about or above an inch, when they were re- 
placed by squat brushy intermitting glows upon both terminations, 
with a dark part between. When the current at the machine was 
in spark, then each spark caused a discharge across the muriatic 
acid gas, which, with a certain interval, was bright; with a large 
interval, was straight across and flamy, like a very exhausted and 
sudden, but not a dense sharp spark ; and with a still larger interval, 
produced a feeble brush on the inductric positive end, and a glow 
on the inducteous negative end, the dark part being between (1544.); 
and at such times, the spark at the conductor, instead of being sud- 
den and sonorous, was dull and quiet (334.). 

1555. On introducing more muriatic acid gas, until the pressure 
was 29.97 inches, the same terminations gave bright sparks within 
at small distances ; but when they were about an inch or more apart, 
the discharge was generally with very small brushes and glow, and 
frequently with no light at all, though electricity had passed through 
the gas. Whenever the bright spark did pass through the muriatic 
acid gas at this pressure, it was bright throughout, presenting no 
dark or dull space. 

1556. In coal gas, at common pressures, when the distance was 
about an inch, the discharge was accompanied by short brushes on 
the ends, and a dark interval of half an inch or more between them, 
notwithstanding the discharge had the sharp quick sound of a dull 
spark, and could not have depended in the dark part on convection. 

1557. This gas presents several curious points in relation to the 
bright and dark parts of spark discharge. When bright sparks 

sed between the rod ends 0'3 of an inch in diameter (1544.), 
very sudden dark parts would occur next to the brightest portions 
of the spark. Again, with these ends and also with balls (1422.), 
the bright sparks would be sometimes red, sometimes green, occa- 
sionally green and red in different parts of the same spark. Again, 
in the experiments described (1518.), at certain intervals a ve 
peculiar pale, dull, yet sudden discharge would pass, which, thoug 
apparently weak, was very direct in its course, and accompanied 
by a sharp snapping noise, as if quick in its occurrence. 

1558. Hydrogen frequently gave peculiar sparks, one part being 
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bright red, whilst the other was a dull pale gray, or else the whole 
spark was dull ang peculiar. 

1559. Nitrogen presented a very remarkable discharge, between 
two balls of the respective diameters of 0°15 and two inches (1506, 
1518.),.the smaller one being rendered negative either directly or 
inducteously. The peculiar discharge occurred at intervals between 
0°42 and 0-68, and even at 1°4 inches when the large ball was in- 
ductric positively ; it consisted of a little brushy part on the small 
negative ball, then a dark space, and lastly a dull straight line on 
the large positive ball (fig. 20.). The position of the dark space 
was very constant, and is probably in direct relation to the dark 
space described when negative glow was produced (1544.). 
When by any circumstance a bright spark was determined, the con- 
trast with the peculiar spark described was very striking ; for it 
always had a faint purple part, but the place of this part was con- 
stantly near the positive ball. 

1560. Thus dark discharge appears to be decidedly established. 
But its establishment is accompanied by proofs that it occurs in 
different degrees and modes in different gases. Hence then another 
specific action, added to the many (1296. 1398. 1399. 1423. 1454. 
1503.) by which the electrical relations of insulating dielectrics are 
distinguished and established, and another argument in favour of 
that molecular theory ot induction, which is at present under ex- 
amination“. 

1561. What I have had to say regarding the disruptive discharge 
has extended to some length, but I hope will be excused in conse- 
quence of the importance of the subject. Before concluding my 
remarks, I will again intimate in the form of a query, whether we 
have not reason to consider the tension or retention and after dis- 
charge in air or other insulating dielectrics, as the same thing with 
retardation and discharge in a metal wire, differing only, but almost 
infinitely, in degree (1334, 1336.). In other words, can we not, 
by a gradual chain of association, carry up discharge from its oc- 
currence in air, through spermaceti and water, to solutions, and 

then on to chlorides, oxides and metals, without any essential 
change in its character; and at the same time, connecting the in- 
sensible conduction of air, through muriatic acid gas and the dark 
discharge, with the better conduction of spermaceti, water, and the 
all but perfect conduction of the metals, associate the phenomena at 
both extremes? and may it not be, that the retardation and ignition 
of a wire are effects exactly correspondent in their nature to the 
retention of charge and spark in air? If so, here again the two 
extremes in property amongst dielectrics will be found to be in 
intimate relation, the whole difference probably depending upon 
the mode and degree in which their particles polarize under the 
influence of inductive actions (1338. 1608. 1610.). 


* I cannot resist referring here by a note to Eior's philosophical view of the 
nature of the light of the electric discharge, Annales de Chimie, liii. p. 321. 
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1562. The last kind of discharge which I have to consider is that 
effected by the motion of charged particles from place to place. 
It is apparently very different in its nature to any of the former 
modes of discharge (1319.), but, as the result is the same, may be 
of great importance in illustrating, not merely the nature of dis- 
charge itself, but also of what we call the electric current. It 
often, as before observed, in cases of brush and glow (1440. 
1535.), joins its effect to that of disruptive discharge, to complete 
the act of neutralization amongst the electric forces. 

1563. The particles which being charged, then travel, may be 
either of insulating or conducting matter, large or small. The 
consideration in the first place of a large particle of conducting 
matter may perhaps help our conceptions. 

1564. A copper boiler 3 feet in diameter was insulated and elec- 
trified, but so feebly, that dissipation by brushes or disruptive dis- 
charge did not occur at its edges or projecting parts in a sensible 
degree. A brass ball, 2 inches in diameter, suspended by a clean 
white silk thread, was brought towards its, and it was found that, 
if the ball was held for a second or two near any part of the charged 
surface of the boiler, at such distance (two inches more or less) as 
not to receive any direct charge from it, it became itself charged, 
although insulated the whole time; and its electricity was the 
reverse of that of the boiler. 

1565. This effect was the strongest opposite the edges and pro- 
jecting parts of the boiler, and weaker opposite the sides, or those 
extended portions of the surface which, according to CouLoms’s 
results, have the weakest charge. It was very strong opposite a 
rod projecting a little way from the boiler. It occurred when the 
copper was charged negatively as well as positively: it was pro- 
duced also with small balls down to 0:2 of an inch and less in 
diameter, and also with smaller charged conductors than the copper. 
It is, indeed, hardly possible in some cases to carry an insulated 
ball within an inch or two of a charged plane or convex surface 
without its receiving a charge of the contrary kind to that of the 
surface. 

1566. This effect is one of induction, not of communication. 
The ball, when related to the positive charged surface by the inter- 
vening dielectric, has its opposite sides brought into contrary states, 
that side towards the boiler being negative and the outer side 
positive. More inductric action is directed towards it than would 
have passed across the same place if the ball had not been 
there, for several reasons; amongst others, because, being a con- 
ductor, the resistance of the particles of the dielectric, which other- 
wise would have been there, is removed (1298.) ; and also, because 
the reacting positive surface of the ball being projected further out 
from the boiler than when there is no introduction of conducting 
matter, is more free therefore to act through the rest of the dielec- 
tric towards surrounding conductors, and so favours the exaltation 
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of that inductric polarity which is directed in its course. It is, as 
to the exaltation of force upon its outer surface beyond that upon 
the inductric surface of the boiler, as if the latter were itself pro- 
tuberant in that direction. Thus it acquires a state like, but higher 
than, that of the surface of the boiler which causes it; and suffi- 
ciently exalted to discharge at its positive surface to the air, or to 
affect small particles, as it is itself affected by the boiler, and they 
flying to it, take a charge and pass off; and so the ball, as a whole, 
is brought into the contrary inducteous state. The consequence 
is, that, if free to move, its tendency, under the influence of all the 
forces, to approach the boiler is increased, whilst it at the same 
time becomes more and more exalted in its condition, both of 
polarity and charge, until, at a certain distance, discharge takes 
place, it acquires the same state as the boiler, is repelled, and 
passing to that conductor most favourably circumstanced to dis- 
charge it, there resumes its first indifferent condition. 

1507. It seems to me, that the manner in which inductrie bodies 
affect uncharged floating or moveable conductors near them, is very 
frequently of this nature, and generally so when it ends in a carry- 
ing operation (1562. 1602.). The manner in which, whilst the 
dominant inductric body cannot give off its electricity to the air, 
the inducteous body can effect the discharge of the same kind of 
force, is curious, and, in the case of elongated or irregularly shaped 
conductors, such as filaments or particles of dust, the effect will 
often be very ready, and the consequent attraction very immediate. 

1568. The effect described is also probably influential in causing 
those variations in spark discharge referred to in the last series 
(1386. 1390.): for if a particle of dust were drawn towards the 
axis of induction between the balls, it would tend, whilst at some 
distance from that axis, to commence discharge at itself, in the 
manner described (1566.), and that commencement might so far 
facilitate the act (1417. 1420.) as to make the complete discharge, 
as spark, pass through the particle, though it might not be the 
shortest course from ball to ball. So also, with equal balls at equal 
distances, as in the experiments of comparison already described 
(1493. 1506.), a particle being between one pair of balls would 
cause discharge there in preference ; or even if a particle were be- 
tween each, difference of size or shape would give one for the time 
a predominance over the other. 

1569. The power of particles of dust to carry off electricity in 
cases of high tension is well known, and I have already mentioned 
some instances of the kind in the use of the inductive apparatus 
(1201.). The general operation is very well shown by large light 
objects, as the toy called the electrical spider; or, if smaller ones 
are wanted for philosophical investigation, by the smoke of a glow- 
ing green wax taper, which, presenting a successive stream of 
such particles, makes their course visible. 

1570. On using oil of turpentine as the dielectric, the action and 
course of small conducting carrying particles in it can be well ob- 
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served. A few short pieces of thread will supply the place of 
carriers, and their progressive action is exceedingly interesting. 

1571. A very striking effect was produced on oil of turpentine, 
which, whether it was due to the carrying power of the particles 
in it, or to any other action of them, is perhaps as yet doubtful. 
A portion of that fluid in a glass vessel had a large uninsulated 
silver dish at the bottom, and an electrified metal rod with a round 
termination dipping into it at the top. The insulation was very 
good, and the attraction and other phencmena striking. The rod 
end, with a drop of gum water attached to it, was then electrified 
in the fluid; the gum water soon spun off in fine threads, and was 
quickly dissipated through the oil of turpentine. By the time that 
four drops had in this way been commingled with a pint of the 
dielectric, the latter had lost by far the greatest portion of its insu- 
lating power; no sparks could be obtained in the fluid ; and all 
the phenomena dependent upon insulation had sunk to a low degree. 
The fluid was very slightly turbid. Upon being filtered through 
paper only, it resumed its first clearness, and now insulated as well 
as before. The water, therefore, was merely diffused through the 
oil of turpentine, not combined with or dissolved in it: but whether 
the minute particles acted as carriers, or whether they were not 
rather gathered together in the line of highest inductive tension 
(1350.), and there, being drawn into elongated forms by the elec- 
tric forces, combined their effects to produce a band of matter 
having considerabie conducting power, as compared with the oil of 
turpentine elsewhere, is as yet questionable. 

1572 The analogy between the action of solid conducting carry- 
ing particles and that of the charged particles of fluid insulating 
substances, acting as dielectrics, is very evident and simple; but in 
the latter case the result is, necessarily, currents in the mobile 
media. Particles are brought by inductric ection into a polar state; 
and the latter, after rising to a certain tension (1570.), is followed 
by a communication of a part ofthe force originally on the conduc- 
tor; the particles consequently become charged, and then, under 
the joint influence of the repellent and attractive forces, are urged 
towards a discharging place, or to that spot where these inductric 
forces are most easily compensated by the contrary inducteous forces. 

1573. Why a point should be so exceedingly favourable to the 
production of currents in a fluid insulating dialectric, as air, is very 
evident. It is at the extremity ofthe point that the intensity neces- 
sary to charge the air is first acquired (1374.); it is from thence that 
the charged particle recedes; and the mechanical force which it 
impresses on the air to form a current, is in every way favoured by 
the shape and position of the rod, of which the point forms the ter- 
mination. At the same time, the point, having become the origin 
of an active mechanical force, does, by the very act of causing that 
force, namely, by discharge, prevent any other part of the rod from 
acquiring the same necessary condition, and so preserves and sus- 
tains its own predominance. 

1574. The very varied and beautiful phenomena produced by 
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sheltering or enclosing the point, illustrate the production of the 
current exceedingly well, and justify the same conclusions ; it being 
remembered that in such cases the effect upon the discharge is of 
two kinds. For the current may be interfered with by stopping the 
access of fresh uncharged air, or retarding the removal of that 
which has been charged, as when a point is electrified in a tube of 
insulating matter closed at one extremity ; or the electric condilion 
of the point itself may be altered by the relation of other parts in 
its neighbourhood, also rendered electric, as when the point is in a 
metal tube, by the metal itself, or when it is in the glass tube, by 
a similar action of the charged parts of the glass, or even by the 
surrounding air which has been charged, and which cannot escape. 

1575. Whenever it is intended to observe such inductive pheno- 
mena in a fluid dialectric as have a direct relation to, and depend- 
ence upon, the fluidity of the medium, such, for instance, as a dis- 
charge from points, or attractions and repulsions, &c., then the mass 
of the fluid should be great, and in such proportion to the distance 
between the inductric and inducteous surfaces asto include all the 
lines of inductive force (1369.) between them ; otherwise, the effects 
of currents, attraction, &c., which are the resultants of all these 
forces, cannot be obtained. The phenomena which occur in the 
open air, or in the middle of a globe filled with oil of turpentine 
will not take place in the same media if confined in tubes of glass, 
shell-lac, sulpher, or other such substances, though theybe excellent 
insulating dialectrics ; nor can they be expected; for in such cases, 
the polar forces, instead of being all dispersed amongst fluid par- 
ticles, which tend to move under their influence, are now associated 
in many parts with particles that, notwithstanding their tendency to 
motion, are constrained to remain quiescent. 

1576. The varied circumstances under which, with conductors 
differently formed and constituted, currents can occur, all illustrate 
the same simplicity of production. A hall, if the intensity be raised 
sufficiently on its surface, and that intensity be greatest on a part 
consistent with the production of a current of air up to and off 
from it, will produce the effect like a point (1537.); such is the case 
whenever a glow occurs upon a ball, the current being essential to 
that phenomenon. If as large a sphere as can well be employed 
with the production of glow be used, the glow will appear at the 
place where the current leaves the ball, and that will be the part 
directly opposite to the connection of the ball and rod which sup- 
ports it; but by increasing the tension elsewhere, so as to raise it 
above the tension upon that spot, which can easily be effected in- 
ductively, then the place of the glow and the direction of the cur- 
rent will also change, and pass to that spot which for the time is 
most favourable for their production (1591.). 

1577. For instance, approaching the hand towards the ball will 
tend to cause brush (1539.), but by increasing the supply of elec- 
tricity the condition of glow may be preserved ; then on moving 
the hand about from side to side the position of the glow will very 
evidently move with it. 
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1578. A point brought towards a glowing ball would at twelve 
ar fourteen inches distance make the glow break into brush, but 
when still nearer glow was reproduced, probably dependent upon 
the discharge of wind or air passing from the point to the ball, and 
this glow was very obedient to the motion of the point, following it 
in every direction. 

1579. Even a current of wind ould affect the place of the glow ; 
for a varnished glass tube being directed sideways towards the ball, 
air was sometimes blown through it at the ball, and sometimes not. 
In the former case, the place of the glow was changed a little, as if 
it were blown away by the current, and this is just the result which 
might have been anticipated. All these effects illustrate beautifully 
the general causes and relations, both of the glow and the current 
of air accompanying it (1574.) 

1580 Flame facilitates the production of a current in the dielec- 
tric surrounding it. Thus, if a ball which would not occasion a 
current in the air have a flame, whether large or small, formed on 
its surface, the current is produced with the greatest ease ; but not 
the least difficulty can occur in comprehending the effective action 
of the flame in this case, if its relation, as part of the surrounding 
dielectric, to the electrified bail, be but for a moment considered 
(1375. 1380.) 

13581. Conducting fluid terminations, instead of rigid points, 
illustrate in a very beautiful manner the formation of the currents, 
with their effects and influence in exalting the conditions under 
which they were commenced. Let the rouniled end of a brass rod, 
0-2 ofan inch or thereabouts in diameter, point downwards in free 
air; let it be amalgamated, and have a drop of mercury suspended 
from it; and then let it be powerfully electrized. The mercury 
will present the phenomenon of glow; a current of air will rush 
along the rod, and set off from the mercury directly downwards ; 
and the form of the metallic drop will be slightly affected, the con- 
vexity at a small part near the middle and lower part becoming 
greater, whilst it diminishes all round at places a little removed 
from this spot. The change is from the form of a (fig. 21.) to that 
of b, and is due almost, if not entirely, to the mechanical force of 
the current of air sweeping over its surface. 

1582. As a comparative observation, let it be noticed, that a ball 
gradually brought towards it converts the glow into brushes, and 
ultimately sparks pass from the most projecting part of the mercury. 
A point does the same, but at much smaller distances. 

1583. Take next a drop of strong solution of muriate of lime ; 
being electrified, a part will probably be dissipated, but a consider- 
able portion, if the electricity be not too powerful, will remain, 
forming a conical drop (fig. 22.), accompanied by a strong current. 
If glow be produced, the drop will be smooth on the surface. If 
a short low brush is formed, a minute tremulous motion of the 
liquid will be visible ; but both effects coincide with the principal 
one to be observed, namely, the regular and continuous charge of 
air, the formation of a wind or current, and the form given py that 


7 


278 Experimental Researches in Electriciii 


current to the fluid drop. If a discharge ball be gradually brought 
towards the cone, sparks will at last pass, and these will be from the 
apex of the cone to the approached ball, indicating a considerable 
degree of conducting power in this fluid. 

1584. With a drop of water, the effects were of the same kind, 
and were best obtained when a portion of gum water or of syrup 
hung from a ball (fig. 23.). When the machine was worked slowly, 
a fine large quiet conical drop, with concave lateral outline, and a 
small rounded end, was produced, on which the glow appeared, 
whilst a steady wind issued. in a direction from the point of the 
cone, of sufficient force to depress the surface of uninsulated water 
held opposite to the termination. When the machine was worked 
more rapidly some of the water was driven off; the smaller pointed 
portion left was roughish on the surface, and the sound of successive 
brush discharges was heard. With still more electricity, more water 
was dispersed ; that which remained was elongated and contracted, 
with an alternating motion ; a stronger brush discharge was heard, 
and the vibrations of the water and tHe successive discharges of the 
individual brushes were simultancous. When water from beneath 
was brought towards the drop, it did not indicate the same regular 
strong contracted current of air as before; and when the distance 
was such that sparks passed, the water beneath was attracted rather 
than driven away, and the current of air ceased. 

1585. When the discharging ball was brought near the drop in 
its first quiet glowing state (1582.), it converted that glow into 
brushes, and caused the vibrating motion of the drop. When still 
nearer, sparks passed, but they were always from the metal of the 
rod, over the surface of the water, to the point, and then across the 
air to the ball. This is a natural consequence of the deficient con- 
ducting power of the fluid (1584. 1585.). 

1586. Why the drop vibrated, changing its form between the 
periods of discharging brushes, so as to be more or less acute at par- 
ticular instants, to be most acute when the brush issued forth, and 
to be isochronous in its action, and how the quiet glowing liquid 
drop, on assuming the conical form, facilitated, as it were, the first 
action, are points, as to theory, so evident, that I will not stop to 
speak of them. The principal thing to observe at present is, the 
formation of the carrying current of air, and the manner in 
which it exhibits its existence and influence by giving form to the 
drop. 

1587. That the drop, when of water, or a better conductor than 
water, is formed into a cone principally by the current of air, is 
shown amongst other ways (1594.) thus. A sharp point being held 
opposite the conical drop, the latter soon lost its pointed form ; was 
retracted and became round; the current of air from it ceased, a" 
was replaced by one from the point beneath, which, if the latter 
were held near enough to the drop, actually blew it aside, and ren- 
dered it concave in form. 

1588. It is hardly necessary to say what happened with still worse 
conductors than water, as oil, or oil of turpentine ; the fluid itself 
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was then spun out into threads and carried off, not only because the 
air rushing over its surface, helped to sweep it away, but also be- 
cause its insulating particles assumed the same charged state as the 
particles of air, and, not being able to discharge to them in a greater 
degree than the air particles themselves could do, were carried off 
by the same causes which urged these in their course. A sfmilar 
effect with melted sealing-wax on a metal point forms an old and 
well-known experiment. 

1589. A drop of gum water in the exhausted receiver of the air- 
pump was not sensibly affected in its form when electrified. When 
air was let in, it began to show change of shape when the pressure 
was ten inches of mercury. At the pressure of fourteen or fifteen 
inches the change was more sensible, and as the air increased in 
density the effects increased, until they were the same as those in the 
open atmosphere. The diminished effect in the rare air I refer to 
the relative diminished energy of its current ; that diminution de- 

nding, in the first place, on the lower electric condition of the 
electrified ball in the rarefied medium, and in the next, on the atte- 
nuated condition of the dielectric, the cohesive force of water in 
relation to rarefied air being something like that of mercury to dense 
air (1581.), whilst that of water in dense air may be compared to 
that of mercury in oil of turpentine (1597.). 

1590. When a ball is covered with a thick conducting fluid, as 
treacle or syrup, it is easy by inductive action to determine the 
wind from almost any part of it (1577.); the experiment, which 
before was of rather difficult performance, being rendered facile in 
consequence of the fluid enabling that part, which at first was 
feeble in its action, to rise into an exalted condition by assuming a 
pointed form. 

1591. To produce the current, the electric intensity must rise 
and continue at one spol, namely, at the origin of the current, 
higher than elsewhere, and then, air having a uniform and ready 
access, the current is produced. If no current be allowed (1574.), 
then discharge may take place by brush or spark. But whether 
it be by brush or spark, or wind, it seems very probable that the 
initial intensity or tension at which a particle of a given gaseous 
dielectric charges, or commences discharge, is, under the conditions 
before expressed, always the same (1410.). 

1592. It is not supposed that all the air which enters into motion 
is electrified ; on the contrary, much that is not charged is carried 
on into the stream. The part which is really charged may be 
but a small proportion of that which is ultimately set in motion 
(1442.). 

ie When a drop of gum water (1584.) is made negative, it 
presents a larger cone than when made positive ; less of the fluid is 
thrown off, and yet, when a ball is approached, sparks can hardly 
be obtained, so pointed is the cone, and so free the discharge. A 
point held opposite to it did not cause the retraction of the cone to 
such an extent as when it was positive. All the effects are so dif- 
ferent from those presented by the positive cone, that I have no 
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doubt such drops would present a very instructive method of in- 
vestigating the difference of positive and negative discharge in air 
and other dielectrics (1480. 1501.). 

1594. That I may not be misunderstood (1587.), I must observe 
here that I do not consider the cones produced as the resuit only 
of the current of air or other insulating dielectric over their surface. 
When the drop is of badly conducting matter, a part of the effect 
is due to the electrified state of the particles, and this part consti- 
tutes almost the whole when the matter is sealing-wax, oil of tur- 
pentine, and similar insulating bodies (1585.). But even when the 
drop is of good conducting matter, as water, solutions, or mercury, 
though the effect above spoken of will then be insensible (1607.), 
still it is not the mere current of air or other dielectric which pro- 
duces all the change of form ; for a part is due to those attractive 
forces by which the charged drop, if free to move, would travel 
along the line of strongest induction, and not being free to move, 
has its form elongated until the sum of the different forces tending 
to produce this form is balanced by the cohesive attraction of the 
fluid. ‘The effect of the attractive forces are well shown when 
treacle, gum water, or syrup is used; for the long threads which 
spin out, at the sume time that they form the axes of the currents 
of air, which may still be considered as determined at their points, 
are like flexible conductors, and show by their directions in what 
way the attractive forces draw them. 

1595. When the phenomena of currents are observed in dense 
insulating dielectrics, they present us with extraordinary degrees of 
mechanical force. Thus, if a pint of well rectified and filtered 
(1571.) oil of turpentine be put into a glass vessel, and two wires 
be dipped into it in different places, one leading to the electrical 
machine, and the other to the discharging train, on working the 
machine the fluid will be thrown into violent inotion throughout 
its whole mass, whilst at the same time it will rise two, three, or four 
inches up the machine wire, and dart off in jets from it into the air. 

1596. If very clean uninsulated mercury be at the bottom of the 
fluid, and the wire from the machine be terminated either by a ball 
or a point, and also pass through a glass tube extending both above 
and below the surface of the oil of turpentine, the currents can be 
better observed, and will be seen to rush down the wire, proceeding 
directly from it towards the mercury, and there, diverging in all 
directions, will ripple its surface strongly, and mounting up at the 
sides of the vessel, will return to re-enter upon their course. 

1597. A drop of mercury being suspended from an amalgamated 
brass hall, preserved its form almost unchanged in air (1581.) ; but 
when immersed in the oil of turpentine it became very pointed, and 
even particles of the metal could be spun out and carried off by the 
currents of the dielectric. The form of the liquid metal was just 
like that of the syrup in air (1584.), the point of the cone being 
quite as fine, though not so long. By bringing a sharp uninsulated 
point towards it, it could also be effected in the same manner as the 
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syrup drop in air (1587.), though not so readily, because of the 
density and limited quantity of the dielectric. 

1598. If the mercury at the bottom of the fluid be connected 
with the electrical machine, whilst a rod is held in the hand termi- 
nating in a ball three-quarters of an inch, less or more, in diameter, 
and the ball be dipped into the electrified fluid, very striking ap- 

earances ensue.» When the ball is raised again so as to be ata 
evel nearly out of the fluid, large portions of the latter will seem 
to cling to it (fig. 24.). If it be raised higher, a column of the oil 
of turpentine will still connect it with that in the basin below 
(fig. 25.). If the machine be excited into more powerful action, 
this will become more bulky, and may then also be raised higher, 
assuming the form fig. 26; and all the time that these effects con- 
tinue, currents and counter-currents, sometimes running very close 
together, may be observed in the raised column of fluid. 

1599. It is very difficult to decide by sight the direction of the 
currents in such experiments as these. If particles of silk are in- 
troduced they cling about the conductors; but using drops of water 
and mercury the course of the fluid dielectric seems well indicated. 
Thus, if a drop of water be placed at the end of a rod (1571.) over 
the uninsulated mercury, it 1s soon swept away in particles stream- 
ing downwards towards the mercury. If another drop be placed 
on the mercury beneath the end of the rod, it is quickly dispersed 
in all directions in the form of streaming particles, the attractive 
forces drawing it into elongated portions, and the currents carrying 
them away. If a drop of mercury he hung from a ball used to 
raise a column of the fluid (1598.), then the shape of the drop 
seems to show currents travelling in the fluid in the direction indi- 
cated by the arrows (fig. 27.) | 

1600. A very remarkable effect is produced on these phenomena, 
connected with positive and negative charge und discharge, namely, 
that a ball charged positively raises a much higher and larger co- 
lumn of the oil of turpentine than when charged negatively. There 
can be no doubt that this is connected with the difference of posi- 
tive and negative action already spoken of{(1480. 1525.), and tends 
much to strengthen the idea that such difference is referable to the 
particles of the dielectric rather than to the charged conductors, and 
is dependent upon the mode in which these particles polarize (1503. 
1523.). 


1601. Whenever currents travel in insulating dielectrics they 
really effect discharge ; and it is important to observe, though a very 
natural result, that it is indifferent which way the current or parti- 
cles travel, as with reversed direction their state is reversed. The 
change is easily made, either in air or oil of turpentine, between 
two opposed and related rods, for an insulated ball being placed in 
connection with either rod and brought near its extremity, will 
cause the current to set towards it from the opposite end. 

1602. The two currents often occur at once, as when both ter- 
minations present brushes, and N when they exhibit the 
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glow (1531.). In such cases, the charged particles, or many of 
them, meet and mutually discharge each other (1548. 1612.). Ifa 
smoking wax taper be held at the end of an insulating rod towards 
a charged prime conductor, it will very often happen that two cur- 
rents will form, and be rendered visible by its vapour, one passing 
asa fine filament of smoky particles directly to the charged conduc- 
tor, and the other passing as directly from the same taper wick out- 
wards, and from the conductor; the principles of inductric action 
and charge, which were referred to in considering the relation of a 
carrier ball and a conductor (1566.), being here also called into 


play. 


1603. The general analogy, and I think I may say, identity of 
action found to exist as to insulation and conduction (1338. 1561.) 
when bodies, the best and the worst in the classes of insulators or 
conductors, were compared, led me to believe that the phenomena 
of convection in badly conducting media were not without their pa- 
rallel amongst the best conductors, such even as the metals. Upon 
consideration, the cones produced by Davy* in fluid metals, as mer- 
cury and tin, seemed to be cases in point, and probably also the 
elongation of the metallic medium through which a current of elec- 
tricity was passing, described by AurRE ;t for it is not difficult to 
conceive, that the diminution of convective effect, consequent upon 
the high conducting power of the metallic media used in these ex- 
periments, might be fully compensated for by the enormous quan- 
tity of electricity passing. In fact, it is impossible not to expect 
some effect, whether sensible or not, of the kind in question, when 
such a current is passing through a fluid offering a sensible resist. 
ance to the passage of the electricity, and, thereby, giving proof of 
a certain degree ot insulating power (1328.). 

1604. I endeavoured to connect the convective currents in aif, 
oil of turpentine, &c. and those in metals, by intermediate cases, but 
found this not easy to do. On taking bodies, for instance, which, 
like water, acids, solutions, fused salts or chlorides, &c., have inter- 
mediate conducting powers, the minute quantity of electricity which 
the common machine can supply (371. 861.) is exhausted instantly, 
so that the cause of the phenomenon is kept either very low in in- 
tensity, or the instant of time during which the effect lasts is so small, 
that one cannot hope to observe the result sought for. If a voltaic 
battery be used, these bodies are all electrolytes, and the evolution 
of gas, or the production of other changes, interferes and prevents 
observation of the effect required. 

1605. There are, nevertheless, some experiments which illustrate 
the connection. Two platina wires, forming the electrodes of a 
powerful voltaic battery, were placed side by side, near each other, 
in distilled water, hermetrically sealed up in a strong glass tube, 
some minute filaments being present in the water. When, from the 
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evolution of gas and the consequent increased pressure, the bubbles 
formed on the electrodes were so small as to produce but feebly as- 
cending currents, then it could be observed that the filaments present 
were attracted and repelled between the two wires, as they would 
have been between two oppositely charged surfaces in air or oil of 
turpentine, moving so quickly as to displace and disturb the bubbles 
and the currents which these tended toform. Now I think it can- 
not be doubted that under similar circumstances, and with an 
abundant supply of electricity, of sufficient tension also, convective 
currents might have been formed; the attractions and repulsions of 
the filaments were, in fact, the elements of such currents (1572.), 
and therefore water, though almost infinitely above air or oil of tur- 
pentine as a conductor, is a medium in which similar currents can 
take place. 

1606. I had an apparatus made (fig. 28.) in which a is aplate of 
shell-lac, ö a fine platina wire passing through it, and having only 
the section of the wire exposed above; c a ring of bibulous paper 
resting on the shell-lac, and d distilled water retained by the paper 
in its place, and just sufficient in quantity to cover the end of the 
wire ö; another wire, e, touched a piece of tin foil lying in the water, 
and was also connected with a discharging train; in this way it was 
easy, by rendering ò either positive or negative, to send a current 
of electricity by its extremity into the fluid, and so away by the 
wire e. 

1607. On connecting 6 with the conductor of a powerful elec- 
trical machine, not the least disturbance of the level of the fluid 
over the end of the wire during the working of the machine could 
be observed ; but at the same time there was not the smallest indi- 
cation of electrical charge about the conductor of the machine, so 
complete was the discharge. J conclude that the quantity of elec- 
tricity passed in a given time had been too small, when compared 
with the conducting power of the fluid, to protluce the desired 
effect. 

1608. I then charged a large Leyden battery (291.), and dis- 
charged it through the wire b, interposing, however, a wet thread, 
two feet long, to prevent a spark in the water, and to reduce what 
would else have been a sudden violent discharge into one of more 
moderate character, enduring for a sensible length of time (334.). 
I now did obtain a very brief elevation of the water over the end 
of the wire ; and though a few minute bubbles of gas were at the 
same time formed there, so as to prevent me from asserting that 
the effect was unequivocally the same as that obtained by Davy in 
the metals, yet, according to my best judgment, it was partly, and 
I believe principally, of that nature. . 

1609. I employed a voltaic battery of 100 pair of four-inch 
plates for experiments of a similar nature with electrolytes. In 
these cases the shell-lac was cupped, and the wire ö 0:2 of an inch 
in diameter. Sometimes I used a positive amalgamated zinc wire 
in contact with dilute sulphuric acid ; at others, a negative copper 
wire in a solution of sulphate of copper; but, because of the 
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evolution of gas, the precipitation of copper, &c., I was not able 
to obtain decided results. It is but right to mention, that when I 
made use of mercury, endeaveuring to repeat Davy’s experiment. 
the battery of 100 pair was not sufficient to produce the elevations.* 


(To be continued.) 


ProFessor Fucus on the Analyses of Iron Ores, from the Gelchrte 
Anzeigen der tc bayer. Akademie der Wissenschaften, Nos. 
102—104. 1839. 


Description of a simple process for determining the quantity of metal 
contained in Ores of Iron and other Ferruginous Bodies. and which 
process also indicates the relative proportions tn which the protoxide 
and the peroxide of that metal occur. 


Since we have learnt the way of separating with the greatest nicety 
the peroxide of iron from the protoxide by the employment of carbonate 
of lime or carbonate of larytes, it becomes in many cases a matter of no 
difficulty to determine the respective proportions in which these two 
oxides occut when met with in combination with other substances.t 

There are, however, cases in which we cannot have recourse to the 
above mentioned method, as for instance, when phosphoric acid is 
present, and this was the position in which I found myself lately, on 
having a mineral from Rabenstein to examine, and in which a pre- 
liminary quantative analysis had established the presence of phosphoric 
acid, and of the protoxide and peroxide of iron. 

And as the methods usually resorted to in this case, are complicated 
and did not appear to me to be sufficiently exact, I set about trying to 
discover some other method at once simpler and more certain, and my 
endeavours have, I trust, been successful. 

I will now proceed to describe this method at length, remarking only 
that its use is by no means confined to the case in question, but that it 
is applicable to the determination of the amount of iron contained in 
ferruginous bodies in general, and I will then add a word or two con- 
cerning the above mentioned mineral from Rabenstein. 

The proceeding in question is based on this, namely, that, when the 
air is excluded, murtatic acid is quite incapable of dissolving copper, 
but that on the addition of oxide of iron, or when that substance is 


e In the experiments at the Royal Institution, Sir H. Davy used, I think, 
500 or 600 pairs of plates. Those at the London Institution were made with 
the apparatus of Mr. Pepys, (consisting of an enormous single pair of plates), 
described in the Philosophical Transactions for 1823, p. 187. 


+ Fora detailed account of this application of the Carbonate of lime or of 
barytes, see Nenes Jahrb. der Ch. und Phys. Jahrg. 1831. Band II. S. 184. 
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already at the outset contained in the mixlure, the muriatic acid does 
dissolve a quantily of copper corresponding thereto. 

‘In consequeuce of this, there is formed on the one hand, protomuriate 
of iron, or in other words protochloride of iron, and, on the other proto- 
muriate or rather protochloride of copper. 

Now supposing that we take a certain quantity uf copper, whose 
weight is accurately determined, and put it into a solntion of muriate of 
iron, and boil it well therein until no more copper is taken up, and 
then pour off the fluid and weigh the undissolved copper, after having 
carefully cleansed and dried it, we shall ascertain how much copper has 
been dissolved. 

And this is all we require for ascertaining the quantity of oxide of 
iron dissolved in the muriatic acid, inasmuch as we have merely to 
multiply the quantity of copper taken up by the equivalent of peroxide 
of iron (= 40), and then to divide the product by the equivalent of 
copper (31,7). The quotient indicates the quantity of peroxide existing 
in the solution. 

In other words, the equivalent of copper is to that of the peroxide of 
iron, as the quantity of copper dissolved is to x, that is to say, to the 
quantity of peroxide of iron we wish to ascertain. 

If we want to learn the amount of metallic iron corresponding to the 
peroxide, all we have to do is to substitute the equivalent of the metal 
for that of the peroxide. The calculation is to be made as has been 
just described. 

When the peroxide and the protoxide occur together in the same 
substance, two experiments are required to determine the quantities of 
them both. In one experiment, the solution in muriatic acid must have 
the copper boiled well up in it as has been described, by which means 
we arrive at the quantity of peroxide which the solution contains. 
The first step to be taken in proceeding to the second experiment is, 
to raise the whole of the protoxide present to the higher grade of oxida- 
tion, upon which, speaking in a general way, the above process is to be 
repeated. From the entire quantity of peroxide thus obtained at the 
conclusion of this second experiment must be deducted what the first 
experiment gave us, and the remainder is to be reduced to the protoxide 
by calculation. 

I will now describe the course of operations we are to pursue, and 
the precautions we must observe to perform the experiments with pre- 
cision, and thus obtain results on whose accuracy we may rely. 

1. With respect to the copper we employ in our investigations. 
Care must be taken that it is in a state of purity, and more especially 
free from iron. It is, therefore, advisable to prepare the metal oneself 
by precipitating it from a solution of the sulphate with iron, and then 
boiling this precipitate up with muriatic acid. 

The metal thus obtained is to be melted and rolled into plates, 
which must be cut into strips 3 or 4 lines broad. Previous to using 
these strips they should be boiled afresh in muriatic acid, inasmuch as 
some portion of the proto-muriate adheres to them, the presence of 
which would naturally interfere with the accuracy of our experiments. 

We can easily estimate about how much metal any experiment will 
require, (a considerable quantity being always to be left after the 
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We are thus put in possession of a method of analysing iron ores in 
the moist way which, as far as exactness is concerned, is notänſerior to 
the best method of proceeding in the dry way,—the process is not ex- 
pensive, neither is any great time required to conduct it, inasmuch as, 
when all the necessary preparations are duly made, the whole may be, 
without difficulty, performed within two hours. And this process is 
not alone confined to the analysis of ores of iron, it may be had re- 
course. to to ascertain how much metallic iron is actually contained in 
cast-iron or iron of other kinds, and it is likewise applicable to com- 
paring one sort of iron with another. 

By means of iron the copper may be precipitated from the solution 
which has been poured off as above described, and the copper thus 
obtained is from its purity fitted for further experiments, or we can 
throw down the copper and iron in combination by means of the usual 
precipitant and then proceed to test the solution for other substances 
which we suspect are contained in the iron or iron ore which we are 
engaged in operating upon. 

I will now proceed to describe a few experiments which I instituted, 
simply with a view of testing the accuracy of the process in question. 
Chemically pure iron was thet which best answered this purpose, for on 
dissolving this in muriatic acid and raising the solution to the highest 
grade of oxidation, the quantity of copper taken up would then indicate, 
if not exactly, at least within a trifle, the amount of iron employed in 
the experiment. As we however, never fall in with any iron that is, 
strictly speaking, pure, we must in such enquiries, content ourselves 
with such as judging from its physical characters, appears to contain 
but very few impurities. 

And if the results which this proceeding then gives coincide with 
what our former experience has established, and if, theoretically speak- 
ing, no objections can be raised against it, we may look on it as fairly 
borne out, and we shall perhaps be led to give it the preference over 
many other methods of ascertaining the metallic contents of ores of 
iron. 

My first experiments were made on various kinds of malleable iron, 
and J subsequently examined other sorts. I will here cite merely a 
few by way of examples. 

Ex. l. 50 grains of very soft English iron were dissolved in muriatic 
acid, and then raised to the highest stage of oxidation, by means of 
chlorate of potash. Into this solution were then inserted 85,8 grains 
of pure copper, of which there remained 29,6 grains undissolved, 56,2 
grains had therefore been taken up. Calculation of the amount of iron, 
31.7: 28: : 56,2 : x = 49,46, that is to say, 98.92 per cent of pure 
iron, a repetition of this experiment gave 99.19. 

Ex. 2. 50 grains of piano-wires were treated, speaking in a general 
way, like the iron above; but the solution was raised to the highest 
stage of oxidation, by means of a current of chlorine. The copper 
taken up, amounted to 50,9 grains, corresponding to 49,375 of pure 
iron. The actual amount of iron was therefore 98,75 per cent. 

During the process of solution in muriatic acid, there was a consider- 
able deposit of carbon formed, this however, entirely disappeared, while 
he chlorine passed through the liquor. 
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Ex. 3. Grey and white cast-iron, from the furnace in the neigh- 
bourhood of Bergen. 

50 grains of this iron were treated with hydrochloric acid, chlorate 
of potash, and the addition of 80 grains of copper, as described in 
experiment No. I. 

The copper taken up amounted to 53, 4 grains, corresponding to 
47.16 grains of pure iron, as seen by the calculation below, viz. : 

28 Xx 53.4 
—— = 47.16 = 94.33 per cent. 
31.4 

I found that the foreign substances contained in this iron were 
carbon, silicon, phosphorus, and sulphur; and that in the following 
proportions : 


Carbon 3.43 
Silicon cs bis 1.75 
Phosphorus ........ 0.37 
Sulphur .......... 0.12 
Rn. die ede aieacs 94.33 

100.00 


The silicon separated itself at the commencement of the operation, 
while the solution in the hydrochloric acid was going on in the form 
of silica, and was associated with a certain quantity of carbon, (1.8 
per cent. graphite*) and was parted from the latter by means of potash. 
In a subsequent stage of the process, however, my attention was again 
directed to it, that is to say—when I came to ascertain the amount of 
carbon, an operation that I will concisely describe in passing. 

For this purpose I had recourse to the per-muriate of iron. A solu- 
tion of this substance, especially when concentrated, acts with great 
energy upon pulverised iron, so much so, indeed, that the temperature 
rises nearly to the boiling point, while a considerable quantity of hy- 
drogen is given off, holding, to some extent, carbon in solution. 

Now this, it is clear, would not put us In the way of attaining what 
we have in view, and hence it becomes necessary to moderate the 
energy of the agent we employ. And I brought this about by adding 
carbonate of lime to a moderately strong solution, till the latter as- 
sumed a dark brown colour, and a portion of oxide of iron began to 
be thrown down. This solution ih which the hydrochloric acid was 
neutralised as near as might be, was then poured on to the pulverised 
iron under examination, and allowed to digest for three days at a 
gentle heat, being frequently stirred during that interval; by which 
means the carbon was separated without any sensible portion thereof 
being carried off in a gaseous form. There wasalso thrown down, at 
the same time, a considerable muddy deposit of hydrous oxide of iron. 

When there was no longer any metallic iron to be seen, the fluid 
was poured off; the muddy deposit removed with muriatic acid, and 
that which remained of a carbonaceous nature was placed in a filter 
whose weight was known and examincd by the usual methods. 


* Plumbago. 
2 O 


On the Analyses of Iron Ores. 289 


To ascertain the amount of phosphorus and sulphur, the copper 
and the iron were thrown down together (as has been above described) 
from the solution obtained for determining the amount of iron; the 
phosphoric acid was then precipitated with muriate of lime, and, 
finally, the sulphuric acid thrown down with muriate of barytes. 
How the process was carried on further it is not necessary to describe. 

Ex. 4. Crystallized carbonate of iron, from Lobenstein. 

70 grains were dissolved in muriatic acid, converted to the per- 
muriate of iron with chlorate of potash, and duly boiled up with 60 
grains of copper, of which 35.08 grains were taken up. 

Hence we calculate the following amounts of protoxide of iron and 
of metallic iron: 

a. 31,7: 40: : 35,08: x = 44.26 grains of the peroxide. 

b. 31,7: 36: : 35,08 : x = 39,83 grains of the protoxide. 

c. 31,7: 28: : 35,08: x = 30,98 grains of metallic iron. 
Consequently in 100 parts of this carbonate of iron there are, as a 
simple calculation shows, 56,9 parts of protoxide of iron, correspond- 
ing to 44,3 of metallic iron, and 91,68 of the carbonate of the pro- 
toxide. That which is wanting to make up 100, that is to say, 8,32 
consists of a carbonate of the protoxide of manganese, and probably, 
also, of the carbonates of lime and magnesia. 

I examined, likewise, this carbonate of iron after being calcined, 
and which then, as is well known, consists of a mixture of the pro- 
toxide and the peroxide of iron. I did not, however, obtain the result 
I hoped for, that is to say, that the actual composition of this mineral 
would coincide with that of magnetic iron ore. It contains, however, 
much more of the protoxide, and less of the peroxide. 

Ex. 5. Specular iron ore, from Gleissing, in the Fichtelgebirg. 

70 grains were dissolved in muriatic acid, a portion of chlorate 
potash being added to the solution. 

During the process of solution there was deposited a sandy 

wder, consisting of nothing but quartz, and weighing 5.2 grains. 

t was not collected together, however, till the close of the operation. 
Of 80 grains of copper, with which the fluid was boiled up, there were 
51,2 taken up, corresponding to 64.6 grains of peroxide of iron, a$ 
the calculation below shows: 
40 X 51,2 
——— = 64.6 perox. iron. 
31,7 = 45,22 metallic iron. 

The peroxide of iron and the quartz together make up 69,8 grains: 
thee is a loss, therefore, of only 6.2 grains. 

Hence in 100 parts of this specular iron ore we have 92,3 parts of 
the peroxide of iron, and 7,43 quartz; in other words, it contains 
64.7 per cent. metallic iron. 

In a second experiment, whose results, in a general way, agreed 
with the one above, I obtained only 5,46 per cent. of quartz. This 
latter substance must, therefore, be very unequally distributed in the 
specular iron ore in question. At all events, it is clear that none 
the silica is chemically combined with the peroxide of iron. 

The employment of cblorate of potash in this experiment may per- 
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haps appear superfluous, inasmuch as the iron contained in the one 
in question is in the state of the red oxide; but I had recourse to it 
because I observed that the specimen I purposed examining, to a 
certain extent, affected the magnetic needle, and, therefore, there was 
ground to suspect the presence of a certain portion of the protoxide. 
This remark applies also even to several varieties of clay iron ore; 
and, therefore, when we are desirous of arriving correctly at the quan- 
tity of iron they contain, it is advisable to employ a certain portion of 
chlorate of potash in their analysis. 

Ex. 6. Crystallized magnetic iron ore. 

If we wish to determine not only the quantity of iron contained in 
this mineral, but likewise to ascertain the relative proportions in which 
it occurs in the peroxide and the protoxide, two experiments must be 
instituted, as we have already said. 


let. Experiment. 

The solution in hydrochloric acid, 50 grains of the mineral being 
taken for the purpose, was treated with chlorate of potash as described 
above, and was then boiled up with 50 grains of copper, of which 
40.71 were taken up. 

The entire quantity of peroxide amounts, therefore, to— 


40 X 40.71 
— = 91.36 grains = 102,72 per cent. 
31.7 
In other words, 71,91 per cent, metallic iron. 


2nd Experiment. 

For this experiment 50 grains were also used, and on their bei 
dissolved in hydrochloric acid, they were at once boiled up with 
grains of copper without the addition of chlorate of potash, in order to 
ascertain the quantity of peroxide the mineral contained. 

The copper taken up amounted to 27,1 grains; and, therefore, the 
quantity of peroxide corresponding thereto is,— 

40 X 27,1 
—— = 34,2 grains = 64,8 per cent. 
31.7 
Now subtracting this originally existing quantity of peroxide (68.4) 
from the total amount which we obtained by Experiments 1, (102.72) 
we have 34.32, corresponding to— 
36 X 34.32 
— = 30,88 protoxide. 
40 
And this magnetic iron ore, therefore, agreeing very nearly with the 
formula which Berzelius gives for it, namely, p F, contains, in a hun- 


dred parts— 


Peroxide ........ 68.40 
Protoxide........ 30.88 
99,28 

Loss. 72 
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In pursuing the method of analysis here described, our attention 
must be equally directed to the correctness of the calculation and to 
exactness of manipulation, otherwise no reliance can be placed on the 
results. It is moreover indispensably requisite that the equivalents 
employed in the calculations should be perfectly correct. Berzelius, 
calling oxvgen 100, takes 395.695 as the elementary number of cop- 
per, and calling the double atom of hydrogen 1, this agrees very nearly 
with 31.7, which is the number I have employed. 

Berzelius, in the oxygen scale, makes iron 339.213, which very 
nearly agrees with 27,18 in the hydrogen scale. This number, how- 
ever, appears somewhat too low, for if we use itin our calculations we 
fall considerably short of the actual or probable amount of iron in the 
bodies under review. 

And having no reason to call the correctness of the method I here 
describe in doubt, I have herein followed those who make its elemen- 
tary number 28, and the results we thereby attain bear us out therein 
as completely as we can wish. 

Were we tocall iron 27.5 and copper 31.5 we should perhaps 
come nearest the truth; but I by no means assert that those numbers 
are really the right ones.“ 

I now proceed to the analysis of the phosphate of iron from 
Rabenstein, which first directed my attention to the above experi- 
ments. I have already stated the mineral in question contained 
peroxide and protoxide of iron, and also phosphoric acid; and a further 
examination shewed the presence of protoxide of manganese and from 
9 to 10 per cent. of water, together with a small portion of phosphate 
of lime,—this latter substance being probably only an accidental ad- 
mixture. 

As I could not come across any specimens of this mineral but what 
were impure from foreign admixture, or more or less weathered, I 
have not yet succeeded in determining its chemical constitution. 

The quantity of iron, therefore, that I obtained in three separate 
experiments varied very considerably; but, at all events, it is clear 
that the quantity of peroxide exceeds very considerably that of the 


It may not be here perhaps out of place to observe, that this method of pro- 
ceeding (as must, indeed, be evident, on considering the matter for an instant 
is, in many instances, applicable to the determination of the amount of copper 
contained in ores of that metal. For this purpose, the cupreous body in question 
is to be dissolved in muriatic acid, care being taken that the whole of the copper 4 
converted to the oxide or chloride. y 

The solution is then, the necessary precautions being duly observed, to be boiled 
up with copper till it assumes a pale olive-green tint, and becomes colourless on 
being diluted with water. ee, 

It is evident that if no oxide of iron is present, precisely the same quantity 0 
copper will be transferred to the solution as was originally contained therein; an 
hence we have simply to subtract the quantity of reguline copper remaining mom 
the quantity employed in the experiment in order to ascertain he amount of meta 
contained in the cupreous substance we have dissolved. f 

On duly treating, for instance, with metallic copper, a solution for which we 
employed 100 grains of pure malachite, and which, as we are well aware, contains 
57.5 grains of copper, it will be found that, if not precisely yet within a very litte, 
the sume quantity of copper will be dissolved therein as the melachite contame 
Should the quantity dissolved prove considerably less, it will be a proof that the 
malachite employed was not in a state of purity. 
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protoxide. From a small specimen which was apparently tolerably 
pure and fresh, I obtained, on an examination with copper, 38.9 per 
cent. of the peroxide of iron, and of the protoxide only 3.87 per cent. 

I found, in one analysis 20.02 per cent. phosphoric acid, upon 
another occasion as much as 30,27 per cent. 

It dissolves easily in hydrochloric acid with the application of 
warmth, and the colour of the solution is red, like that of the per- 
oxide of iron; it gives, however, a considerable blue precipitate with 
ferrocyanide of potash. 

Before the blowpipe, it melts easily to a blackish grey bead, which, 
however, scarcely affects the magnet. 

What, however, is very characteristic in this mineral is, that in 
masses, when fresh, it has a dark greenish black colour, while its 
streak is of a yellowish green. Not unfrequently, however, it is par- 
tially, and occasionally, indeed, throughout the entire mass, brownish, 
or sometimes yellowish. -This is, however, a sure sign of its being 
weathered, to which it seems to be much disposed. 

It is opaque, or, at the most, scarcely translucent on the edges. 

The fresh specimens are of about the hardness of apatite; the 
weathered mincral is soft. 

I found the specitic gravity of a pure but not very fresh specimen 
to be 3.38. It usually is met with accompanied by triphylline, and 
both are frequently intermixed, and this compound mass, which is of 
a blackish grey colour, has an imperfect foliated cleavage; this, how- 
ever, is not due to the substance under review, but is attributable to 
the triphylline. 

Triphylline is met with in this substance sometimes only in patches, 
and is then of a blackish colour. Nodules sometimes are also found 
composed, externally, of triphylline, and of the mineral in question in 
the interior, and which, generally speaking, is more or less decom- 
posed. ` 

These nodules, upon which we may occasionally distinguish the 
planes of crystallization of triphylline, are almost always hollow, and 
the mineral in question is mostly botryoidal or kidney-shaped, 
and fibrous passing into the radiated structure; but, as we have 
stated, for the most part weathered, and very generally covered with 
a yellowish green coat. 

Occasionally it is met with in small coarse patches in the substance 
of quartz or felspar, (Albite) and this variety is partly foliated with 
very fine scales, and sometines perfectly compact. The fracture is 
uneven and without lustre. 

This is all that I, at present, have to say of this mineral. Although 
the description we can give of it is not yet complete, there are suffi- 
cient grounds for our assuming it to form a distinct species, and for 
which, with reference to its colour in the mass and in the streak, I 
propose the name Melanchlor. 

Probably it is allied to the mineral analysed by Karsten, and named 
by him Grüneisenstein, (green iron ore) and also to a phosphate of 
iron from the neighbourhood of Limoges, analysed by Vanquelin. I 
have not as yet, however, had an opportunity of examining these two 
minerals. 
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Section 2. Chemical powers of Voltaic Batteries continued. 
Proper Unit of Intensity for a maximum of the Decomposition 
of Acidulated Water.—Electro-calorific Phenomena.—Elec- 
tro-magnetic Phenomena.—Electro-magnetic Telegraphs. 


279. I have already stated (268) that I had got 20 additional iron 
jars, to my former 10, and having also at command 50 pairs of 
Grove’s battery, I proceeded to increase the series of each of these 
two kinds of battery, in order, if possible, to trace the decomposing 
action to the maximum series, or unit of intensity, of each kind, by 
which they may be employed to the greatest advantage in extensive 
arrangements, or when a great number of pairs are about to be used. 
In demonstrations before classes, and in lectures where the fact re- 
quires no further experimental illustration than by the usual way of 
exhibition, the decomposition of water by 10 pairs will. be found amply 
sufficient, even in the most spacious lecture-room; for when we can 
command 25 cubic inches of the mixed gases per minute, a tolerably 
large receiver may be completely filled in a very short time: which 
forms a most surprising contrast to the puny tubesfull obtained by 
means of our earliest forms of battery. But, as on some occasions, 
we are desirous of showing the electro-decomposition of water to the 
greatest extent which our batteries are capable of performing, it will 
be interesting to know in what way to arrange them to the best ad- 
vantage in the display of this phenomenon. 

280. The two following tables will shew the results with various 
series from 10 to 20 pairs of each kind of battery :— 

Table of Experiments on the Decomposition of Water, by 
various series of Voltaic Pairs, on the principle of Mr. Grove: 
Battery (253). The Electro-gasometer with large terminals 
(245) was the only one used in these experiments. 
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281. The results in the above table show that a series of about 10 
pairs is the proper unit for obtaining a maximum of decomposition of 
acidulated water; and that to employ either more or less would be 
attended with a considerable loss of action. The action generally is 
much less in this series of experiments than in those described in 
); but that circumstance could have but little controul on the 
subject of the present enquiry. Š 


282. Table of Experiments on the Decomposition of Water, 
by various series of Voltaic Pairs, with the Cast-iron Battery 
(239). The large Electro-gasometer was used in these experiments. 


in Series. 


283. The results of these experiments are highly valuable, both in 
a theoretical and a practical point of view, indicating, as they do, that 
a series of 12 pairs is, not only the proper unit for obtaining a maxi- 
mum of decomposition, but that a more extensive series is absolutely 
detrimental, and will not give so much gas as by the employment of 
12 pairs only. 

Indeed, it is a most curious fact, that 20 pairs in series will only 
produce two-thirds of the decomposition that 10 pairs in series will 
do. From this fact it would appear probable that we might extend 
the series of pairs that would so far neutralise the decomposing action 
of the battery, as that it would have no power left to decompose 
acidulated water. 

284. By combining 24 pairs of the iron battery into two series of 
12 pairs each, in such a manner that both series should operate in 
concert on the acidulated water in the large decomposing apparatus, 
I was enabled to obtain an average of 60 cubic inches of the mixed 
gases per minute. The action of this battery, like that of all 
others, varies according to the condition of the zinc surfaces; being 
always the most powerful when those surfaces are smooth and well 
amalgamated. With new zincs, well amalgamated, I have obtained 
64 cubic inches of the mixed gases per minute with 24 pairs in two 
series of 12 pairs each, operating in concert. 
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285. There is another circumstance yet to be noticed in the decom- 
position of acidulated water; and it is probable, I think, that the same 
circumstance may have an influence on other compounds. The large 
decomposing apparatus which I employed in these experiments has one 
of its platinum terminals about twice the size of the other; and when 
the larger one is connected with the positive pole of the battery, the 
decomposition of the water is carried on to a greater extent than when 
the connexions are made in the opposite way: In some cases, a dif- 
ference of two cubic inches of gas per minute is obtained by the action 
of a battery of 10 pairs. Hence it will be necessary to mention, that 
in all the preceding experiments, the positive pole of each battery was 
connected with the larger platinum terminal, and, consequently, the 
negative pole with the smaller terminal. I am very far from suppos- 
ing, that even these large terminals are sufficiently extensive for 
showing the maximum of decomposing power of any of the sevel 
batteries which I have employed. I think it probable that, by em- 
ploying terminal surfaces, at least twice as extensive as those in the 
the larger decomposing apparatus, (245) a considerable increase of 
decomposition would be obtained; although for those batteries which 
do not afford much power, these terminals would be much too large. 
Hence it would be in vain to look for any one pair of terminal metals 
that would afford a maximum of decomposition for every kind of bat- 
tery. And the fallacy of any indications of the powers of large batteries, 
which can be obtained by the decomposition of acidulated water from 
small terminal wires, is now too obvious to require any farther 
inquiries respecting it. 

Moreover, since the decomposition of water is a phenomenon of one 
particular class only; and that other classes of phenomena, quite as 
important as the electro-chemical are displayed to the greatest advan- 
tage by very different arrangements of voltaic batteries to that which 
gives a maximum of chemical action, it would be absurd in the ex- 
treme to continue the term Voltameter, to any piece of apparatus 
which does not indicate the powers of voltaic batteries, in the pro- 
duction even-of one class of phenomena; and which gives no idea 
whatever respecting the powers of batteries in the production of other 
classes. It is well known to the scientific world, that I have given 
to the water-decomposing apparatus, the name of Electro-gasometer ; 
a term which cannot possibly lead any one into error, because it 
shows the absolute quantity of gas liberated by each battery employed, 
and presumes nothing more: and as I have shown that the quantity 
of gas liberated, by any individual battery will depend on the extent 
of surface which the platinum terminals exposes to the water in the 
instrument, it is obvious that no individual electro-gasometer can in- 
dicate the maxima of decompositions which different kinds of voltaic 
batteries are capable of displaying. The instrument which we con- 
tinue to call a galbanometer, is in precisely the same predicament 
as the voltameter; because it indicates nothing more than electro- 
magnetic deflections. The proper name ſor this instrument would 
be the electro-magnetometer: but on this point I shall not dwell at 
present, as I shall shortly have an opportunity of interweaving its in- 
vestigation into others which will form the subject of another memoir. 
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The Calorific Effects. 

286. With respect to the calorific class of phenomena, I have 
not been able to prosecute my inquiries to a sufficient extent to 
ascertain the relative powers of the batteries aiready described, 
The experiments which I have hitherto made for this pur- 
pose have been with comparatively short conductors, such as 
are usually employed at the lecture table, or for illustrations in 
our large Exhibition-room. Through a circuit of 200 feet of copper 
wire of 1-12 diameter, a series of ten pairs of the iron battery ignites 
platinum for the explosions of gunpowder, as decidedly as by the 
employment of any other battery whatever; but I am not aware of 
the maximum distance from the battery at which gunpowder could 
be exploded by the calorific powers of ten pairs, but there can be 
no doubt of a series of ten pairs accomplishing the ignition of gun- 
powder at a much greater distance than 200 feet, if the copper 
conductors were suthciently thick. I believe that Colonel Pasley 
employs copper conductors of half an inch diameter, which, per- 
haps, is not too much for facilitating the propagation of the electro- 
calorific powers through long conductors. By the employment of 
such capacious conductors, the iron battery will be found to answer 
all the purposes of springing mines, blasting rocks, &c., or in any 
other capacity in which gunpowder is to be exploded by voltaic 
electricity. The quantity of electricity excited by this battery is 
very great, and its propelling powers may be increased by the 
addition of a few pairs to the series. 

287. In the Exhibition Gallery of this Institution we proceed 
through our daily illustrations of the decomposition of water,—the 
ignition of metals, and Colonel Pasley's operations against the 
wreck of the Royal George, with an iron battery of eight pairs 
only. For the ignition of short thick metallic wires, the iron bat- 
tery is far superior to any of the others; when operating on long 
thin wires of platinum it is not so good as Grove's, though for the 
ignition of copper wires, which are better conductors, it is still su- 
perior. Hence there is an immense quantity of electricity yielded 
by the iron battery, but it is not of high intensity. 


Description of a Series of the Iron Battery. 


288. When an extensive series of the iron battery is employed, there 
is a considerable quantity of hydrogen gas liberated at the surface of the 
iron, which is an annoyance of which Daniell's and Smee’s are free: 
but by arranging them under a rectangular cover or hood of japanned 
tin or zinc, as in fig. 2, plate vi., the hydrogen is prevented from 
making its escape into the room, and the operator experiences no in- 
convenience whatever. The hood rests on a stuut board, round the 
upper side of which a deep groove is made for the reception of the 
lower edge. Near to the bottom of the hood, in one of its ends, is a 
small neck, out of which the common air makes its escape, being dis- 
placed by the hydrogen which collects and floats in the upper part. 
The groove on the upper side of the base-board, is intended to hold 

2P 


297 Researches in Electricity. 


water in case the battery should be kept in action for a leng series of 
experiments, and the hood become filled with hydrogen. In such 
cases the neck near the bottom of the hood is to be corked up, and the 
bent tube at top, which passes into the water of a small tray, or pneu- 
matic trough, is to be opened, and its orifice covered with a glass re- 
ceiver in.the usual way for collecting gases, as seen in the figure. 
When the receiver is full of hydrogen it may be removed from the 
trough, and the gas transferred to another vessel, and preserved for 
other purposes. Fig. 1, shows one of the iron jars with its zinc 
cylinder attached. Fig. 2, represents a series of eight pairs, covered 
with the hood, and connected with the electro-gasometer by means of 
two stout copper wires, which pass through the board, and rise suff- 
ciently high above the upper surface to be united, within the hood, 
with the poles of the battery. The platinum terminals which ought to 
have appeared in the glass vessel, nearest to the battery, are, by mis- 
take, wanting in the figure. 

Our current expenditure, in this department, is considerably less by 
the employment of the iron battery than it otherwise would be if any 
other kind of battery were to be used for similar purposes. 


Electro-Magnetic Phenomena. 


289. The relative electro-magnetic powers of any two batteries of 
large dimensions and in vigorous action, are not easily ascertained on 
small masses of iron; because even the feebler battery may be of sufi- 
cient power to magnetize the iron to its maximum point. But by 
operating on large pieces of iron, or on moderate sized ones, with a 
single pair of voltaic metais of small dimensions, we have a pretty fair 
opportunity of arriving at decisive results. 

The electro-magnet belonging to this Institution is made of a cylin- 
drical bar of soft iron, bent into the form of a horse-shoe magnet, 
having the two branches parallel to each other, and at the distance of 
4'5 inches. The diameter of the iron is 2°75 inches, it is 18 inches 
long when bent. It is surrounded by 14 coils of copper wire, 7 on 
each branch. The wire which constitutes the coils is 1-12th of an 
inch diameter, and in each coil there are about 70 feet of wire. They 
are united in the usual way with branch wires for the purpose of con- 
ducting the currents from the battery. The magnet was made by Mr. 
Nesbit. With this magnet and a battery of Professor Daniell's con- 
struction we have obtained the following results :— 


Experiment. Number of cells. Weight sustained. Weight which broke off keeper 

1 19 in series 10 cwt. 103 cwt. 
2 19 do. 112 12 

3 l do. 81 9 
4 10 do. 10 103 
5 10 do. 113 12 
6 16 in series of 4 each 12 124 
7 16 do. 124 13 


800. The greatest weight sustained by the magnet, in these experi- 
ments, is 123 cwt., or 1386lbs., which was accomplished by 16 pairs of 
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plates in four groups of 4 pairs in series each. The lifting power by 
19 pairs in series was considerably less than by 10 pairs in series; 
and but very little greater than that given by one cell, or one pair only. 
This is somewhat remarkable, and shows how easily we may be led to 
waste the magnetic powers of batteries by an injudicious arrangement 
of its elements. 
$01. Two experiments were then made with the electro-magnet(287) 
and a single pair of metals, excited by a strong solution of nitric acid. 
The metals were copper and rolled zinc, each formed into a cylindrical 
scroll and placed in a porcelain jar, 8 inches high, and 5 inches 
diameter.. The first experiment was made when the acid solution 
covered only one inch high of the lower edges of the metals: and the 
second experiment when the pot was filled to the brim. 
Weight sustained, Weight which broke off keeper. 
First experiment 84 cwt. 9 cwt. 
Second ditto 10 cwt. 10} cwt. 


In the first of these experiments the voltaic metals in action, exposed 
a surface of about 40 square inches to the acid solution, and the weight 
sustained was precisely the same as that sustained by using one pair 
of Daniell's form, which exposes a metallic surface of about 360 sqaure 
inches (274.) Indeed, I have always found that the most vigorous 
magnetic action of any battery is excited by acid solutions: and if a 
pretty good share of sulphuric acid be not used in Daniell’s battery, its 
action in the display of both chemical, magnetic, and calorific phe- 
nomena, is exceedingly low. 


302. Experiments made with the electro-magnet (287) and the cast 
tron battery (283) 


No. of pairs in series. Weight sustained. Weight which broke off the keeper. 
124 cwt. 13 cwt. 
4 13 cwt 133 cwt. 
Single pair 104 cwt. 11 cwt, 


By comparing the two sets of experiments, it will be found that the 
iron battery has a considerably greater magnetizing power than the 
Professor Daniell’s form, both when in series, and in single pairs. 
303. By employing iron for one of the voltaic metals, we have an op- 
portunity of making a battery and an electro-magnet of the self same 
materials, or if yuu please, of converting the battery into a magnet. 
A battery-magnet of this kind, which I made some time ago, is re- 
presented by fig. 3, plate vi. It consists of two short pieces of mus- 
quet barrel, the lower end of each of which is plugged up by a solid 
piece of iron, and thus welded together to make the plug and barrel one 
piece ofiron. The upper ends of the tubes are joined together by a cross 
piece of flat iron through which they pass, as seen in the figure: and 
the lower ends are filed flat and smooth for close adaptation to the 
keeper. Close to the lower end of each branch is soldered one end of 
a covered copper wire, about one-tenth of an inch in diameter, which 
is afterwards coiled round the barrel to the top, where it terminates in 
a cup for holding mercury. A narrow slip of amalgamated rolled 
zinc, with its connecting wire, is then placed in each barrel, and the 
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connexions made as seen in the figure. When charged with diluted 
sulphuric acid, this battery-magnet will carry about sixty pounds. 


Electro-Magnetic Telegraphs. 


304. The idea of forming telegraphic communications by electricify, 
scems to be of considerable date; fur almost as soon as the fact became 
known, that conducting wires had the power of transmitting the electric 
influence instaneously to distances of several miles, the idea occurred 
to several electricians that correspondence between distant parties might 
be accomplished by electric actiou. So long ago as the year 1748, 
Dr. Watson, the late Bishop of Llandaff, with ‘several other philoso- 
phers, made experiments at Shooter's Hill, which showed that 
electrical discharges froma Leyden jar, could be propagated through a 
distance of upwards of four miles, without any appreciable loss of 
time, although a considerable portion of the circuit was formed of land 
and water. ‘The success of these cxperiments, appears to have given 
rise to the first ideas of forming electric telegraphs, by means of which 
distant parties might hold correspondence, and mutually transmit their 
ideas, or communicate intelligence with the speed of lightning itself. 

From the time that Dr. Watson made his experiments at Shooter's 
hill there have been many and various contrivances for applying 
electric agency to telegraphic communication, some of which display 
great ingenuity and skill in manaying so formidable an agent. 

Winkler, at Leipsic, before 1750, discharged Leyden jars through 
very long circuits, in some of which the River Pleiss formed a part ; 
and Le Monnier, at Paris, produced shocks through 12,789 feet of 
wire: and it is said that Bétancourt, at Madrid, discharged electric 
jars through a distance of 26 miles. Perhaps the most decisive 
-attempt hitherto made to establish electric telegraphs, was by Mr. 
Ronalds, at Hammersmith, about the year 1816. 

305. The discovery of the voltaic battery affording new resources, and 
novel means of communicating intelligence to distant stations, its 
powers soon became available in this capacity, and was brought into 
some degree of repute by the ingenious application of them by M. 
Sömmerings, i in the consiruction of his galvanic telegraph. * 

306. The discovery of electro-magnetism by Prof. Œrsted,of Copen- 
hagen, opened an entirely new field for telegraphic speculation: and 
I Deliro that M. Ampere, in France, and Professor Barlow, in this 
country, were about the first philosophers who attempted electro- 
magnetic eee Since that time Professors Morse, f Ganss, 
Weber, Steinheil,t and Wheatstone, and Mr. Davy, late of the Strand, 
J.ondon, have been inventors of electro-magnetic telegraphs; each 


* Sommering’s telegraph operated by the decomposition of water from a series 
of gold pins, any of which he c bring into play whenever he pleased by 
touching a key, which brought fto the circuit a wire properly connected with 
the pin from which decompositpbn was intended to proceed. 


+ See Annals of Electricity, Vol. 2, p. 116. + Ibid. Vol. 3, p. 
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instrument displaying some peculiarity which its author cunsiders an 
advantage over the rest. 

307. In describing a new electro-magnetic telegraph, I ain necessarily 
impelled by a similar feeling to that which urged my predecessors to 
bring their respective inventions before the public; and I cannot 
resist the idea that there will be found a peculiar simplicity both in the 
structure and management of the telegraph I am about to describe. 
Indeed I shall point out the structure of two distinct telegraphs, 
having the sign common to both. Also a third, differing very mate- 
tially from the other two. 

308. In one of these telegraphs I use six soft iron bars, bent into the 
forin of horse-shoe magnets, and covered with copper wire spirals, in 
the usual way, for converting them into occasional magnets by electric 
currents. To each magnet is a short bar of soft iron for a keeper or 
cross piece, which is attached to the shorter arm of a lever, of the first 
order ; and to the extremity of the longer arm of the lever is attached 
a cirenlar card. The arrangement of one of these pieces of apparatus 
is shown by figs. 6 and 7, plate vi., the former being a side view, and 
the latter an end view of it: m, in both figures, represents the magnet, 
i the cross piece, a b the lever, and F the fulcrum. The cards at the 
longer extremities of the six levers are numbered |, 2, 3, 4, 6, 6, which, 
individually, and bv a series of simple combinations, form all the 
signals that are required. 

309. When the levers are in the position shown in fig. 6 and 7, the 
magnet is out of action, in consequence of the battery circuit being 
interrupted. If, now, the battery circuit were to be closed, the magnet 
m would immediately be brought into action, and its attractive force 
would bring down the cross-piece i; which, being attached to the 
shorter arm of the lever, would raise the longer arm with its card and 
sign, into the position of the upper dotted circle, where it becomes 
visible through a circular opening in the face of the instrument, as at 
(5), in fig. 5. When that particular sign has appeared the required 
time to be observed, the battery circuit is opened, the magnet m loses 
its power, and the longer arm of the lever preponderating, again falls 
down to its first position, und the card with its sign disappears. 

310. The face or dial of this telegraph is represented by fig. 5, which 
may be either of painted wood, or metal, silvered in the manner of 
clock faces, or barometer scales. On the upper part of the dial there 
are six circular openings for the occasional appearance of the cards, 
with their figures, which are attached to the longer arms of the six 
levers (see fig. 6.) These levers with their magnets, &c, figs. 6 and 7, 
are placed behind the dial in a suitabie case, and in such a manner that 
the figures on the cards may appear at the circular openings whenever 
their levers move upwards by the attractions of their respective mag- 
nets at the other, or shorter arms: and to disappear below those circular 
openings, when the magnets are out of action. To accomplish this 


Below the circular openings in the dials piate there are arranged the signals 
which are to represent all the alphabetical letters that are necessary for the 
spelling of words. The signals ase thus continually before the eyes of the 
operator, and are too simple to miss being understood. 
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latter effect, the face of the cross-piece of iron. which is attached to the 

short arm of each lever, must be covered by a card, or a film of some 

non-ferruginous matter, which will prevent close contact of the iron 

and magnet. By this arrangement of the apparatus it is a matter of 
no consequence in what way the magnetic poles are arranged, because 

the atttaction of the cross-pieces, attached to the shorter arms of the 

levers, will take place as well with one arrangement as with another. 
But for uniformity, we will suppose that the coils on the magnets are 
all of the same kind, and that the north poles are to be in one and the 
same direction, towards the left hand for instance, to a person facing 
them, then those extremities of all the coil wires which were situated 
in one direction, might be collected together in one bundle, and either 
continued to the station where the battery is situated, or soldered to 

one stout copper conductor, at some short distance from the magnets, 

which conductor would become a general fixed channel between all the 
magnets at this station, and the battery at the other station. The 
other six ends of coil wires must be insulated by silk covering, and 
continued to the battery withont metallic contact with each other. At 
the battery station these six insulated wires are to be attached to six 
wooden or ivory keys with springs, like the keys and springs of a 
piano-ſorte: by the downwards motion of which. the extremities of 
the wires become immersed in a long trough of mercury, connected 
with the opposite pole of the battery to that which the other conductor 
is attached to. On the top of each key is to be a conspicuous figure, 
corresponding to the figure which is to appear in the dial plate at the 
Other station, so that when one finger is placed on key 2, and another 
finger on key 5, the magnets 2 and 6 at the other station are brought 
into play, and by attracting their respective pieces of iron, the figures 
2 and 5 make their appearance on the dial as seen in figure 5, plate vi, 
and the letter p is understood. By these means, twenty-one of the 
letters of the alphabet can easily be represented without a possibility 
of error, either in the manipulation at the one station, or in the read- 
ing at the other; unless, indeed, there be a deficiency of attention 
which would incapacitate the attendants for employment at any 
telegraph whatever. 

311. The keys of this telegraph are sufficiently near to each other to 
permit the fingers to press on any pumber of them at one time, and, if 
necessary, the whole of the magnets may be brought into play at once, 
by the application of three fingers of each hand to the keys. By 
these means the numerals may be grouped into combinations of three, 
four, five and six, and thus, without the slightest confusion, a consider- 
able number of signals would be obtained, which might represent 
words, or whole sentences, which would greatly expedite the transmis- 
sion of intelligence from oue end of the line to the other. 

312. There is a very great advantage by employing the numerals for 
signals. Not only because they are uot so liable to lead to confusion 
as by the employment of the alphabetical letters, when used in com- 
binations or groups; but because the subject of communication may 
be kept a perfect secret from one end of the line to the other; which 
is a most essential consideration in government expresses, and very 
often in those of mercantile affairs also. 
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In this telegraph a seventh magnet is employed to riug a warning 
bell, as first proposed by Professor Steinheit. 

313. Although in the telegraph already described I employ soft iron 
magnets and levers to bring the signals into view, I am of opinion 
that magnetic needles in coiled conductors, or electro-magnetic multi- 
pliers, will be somewhat more prompt in their motions than the lever, 
at great distances from the battery. I therefore propose to make the 
Necessary signals by means of magnetic needles, which can be moved 
with the same arrangement of conductors as that already described. 
And although J have only used six numerals for the signals, I am 
very far from supposing that the working of an electro-magnetic 
telegraph is faciiitated or simplifie by using a small number of 
original signals, or by having a small number of conductors. The 
simplest method of spelling words would be to have a needle for 
each letter of the alphabet, and the telegraph could be made and 
worked as easily by 24 needles as by a smaller number. And the 
words and sentences, which could be signified by combining them 
in pairs, or in groups of two each, would afford great facilities for 
the rapid transmission of ideas from one end of the line to the other. 
The needles could be placed in three horizontal rows, one above 
another, on a vertical dial plate. 

314. I have shown a dial plate, in fig. 8, plate vi., on which are 
placed 10 needles with their respective figures or signs. As the needles 
can be deflected in only one direction, viz., with the north end 
towards the figure which belongs to it, there can be no mistake in 
understanding what sign is to be understood. I believe that any 
of these telegraphs will be found much simpler than those already 
before the public. They are capable of producing many more 
signsthan any other known, and may be made at a less expense. 


WILLIAM STURGEON. 
Royal Victoria Gallery, for the 
encouragement of Practical 
Science, Manchester. 


XXXIX.—On the action of Metallic Tin on solutions of Muriate of 
Tin. By Avoustus A. Hayes. 


Ie has been long known to those who frequently dissolve tin in 
muriatic acid, that under some circumstances, the metal after it 
has been dissolved is precipitated. It sometimes presents large 
sections of octahedral crystals, at others, long prismatic needles, 
which are so arranged as to form skeletons of such sections. In 
this Journal, Vol. xxvu1, p. 255, Mr. W. W. Mather has described 
some experiments having a similar result. The interest which has 
been excited of late by notices of the non-action of metals in acid 
solutions and in relation to chemical action of a similar kind, has 
induced me to publish the facts which I sometime since observed. 

When tin is dissolved in muriatic acid, either by gradual action 
under exposure to air, or by the aid of heat, a solution containing 
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an excess of acid is obtained. This solution may be concentrated 
to a sp. gr. 1. 750, and retains its fluid form at or above 60° F, 
Although an excess of tin is present, the solution thus obtained is 
always acid. After decanting the clear solution, the tin used in 
excess with its impurities remains. Generally, after a few days 
exposure, the matters left in the solution vessel change in appear- 
ance. The dull, corroded fragments of metal become frosted over, 
with bright needles of tin, and beautiful arborescent forms are 
seen. On studying the circumstances, I have found that the effect 
is due to electrical action. One portion of the undissolved tin, be- 
coming a positive electrode, while another portion of the same mass 
assumes the state of a negative electrode, and precipitation of the 
dissolved tin takes place on it. Numerous cases of like action are 
known to chemists, where a part of a bar becomes indifferent toa 
concentrated solution, although a positive state is exhibited at 
another part, and active solution of the metal is taking place. 

For the purposes of experiment, a solution of muriate of tin, of 
sp. gr. about 1.650, contained in a cylindrical vessel, may be care- 
fully covered by half its volume of an acid solution of the same, 
having a sp. gr. about 1.20. The two fluids should not be mixed 
more than the slight diffusion which wil] take place. After placing 
a flat bar or plate in an inclined position, so that it passes through 
both solutions, the effects become immediately perceptible. That 
part of the bar which is within the diluted solution takes the posi- 
tive state. A few minute bubbles of hydrogen form and escape, if 
the solution is quite acid. Precipitation of metallic tin commences 
near the line of contact of the two solutions, and extends through- 
out that part of the bar immersed in the denser solution. If the 
diluted solution is not rendered acid by the addition of acid, hydro- 
gen is not perceived, and the action is more gradual. In either 
case the precipitation continues until the two fluids have attained 
the same electrical relation to the bar. If after the precipitation 
has ceased, water be carefully poured upon the surface of the fluid, 
it will form a stratum of very dilute solution. That part of the bar 
not before immersed takes the negative relation to this solution, 
and the same kind of precipitation follows as had taken place in the 
lower solution. ‘Ihe positive part of the bar retains its state unal- 
tered under the new conditions, and the line of separation is as 
clearly defined as in the first case. If a solution mixed with crygals 
be used, instead of a moderately concentrated solution, they are not 
decomposed under the above conditions. The presence of atmos- 
pheric oxygen has been supposed to influence this action. Such 
is not a correct statement; by exposure to atmospheric vapour, 
strong solutions of muriate of tin become weaker, and any masses 
of undissolved tin, projecting into the weaker solution, will decom- 
pose the denser solution below. In numerous trials, I have found 
all the cases of precipitation referable to different states of two 
solutions resting in contact. 


Roxbury Laboratory, March 16, 1840. 
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XI.. Description of an Electro-Magnetic Locomotive Carriage. 
By Mr. Urian CLARKE. 


Leicester, Sept. 15, 1840. 
Mr. STURGEON, 


Sir,—I take the liberty of forwarding to you a wood engraving 
of my electro-magnetic carriage, which has been working at inter- 
vals for the last two months on a circular railway at the Leicester 
Exhibition. This carriage when the battery is charged weighs 
Golbs., and will run at a considerable speed for two hours and a 
half. I have lately increased its power so much that it has drawn a 
train of carriages “weighing, together with itself, 112lbs. The bat- 
tery by which this effect is produced consists of merely two pair of 
plates on Professor DAN IELL's sustaining principle; each pair of 
plates is charged with about one pint and a half of solution. The 
carriage is propelled by an arrangement of machinery on the reci- 
procating principle, which principle I claim to be the first inventor 
of, as far as Panis the production of an efficient motive power. 
The engraving represents an exterior view of the carriage as it 
appears upon the railway. I do not describe the interior construc- 
tion as I have adopted a particular mode of arrangement in the 
carriage which I have not yet made public. About six months 
since, you will remember, I communicated to you a drawing and 
description of an engine which I invented and constructed more 
than two years ago, on the reciprocating principle: that communi- 
cation (embodying the essential features of my invention) I find in- 
serted in the July No. of The Annals,” and in the Aug. No. I ob- 
serve a description of a projected new engine by Mr. Thos. Wright, 
in which he appears to hae copied my engine to a certain extent, 
adapting to ita new mode of arrangement, which he no doubt 
considers to be an improvement, but from actual experiments 
which I have made (for I have oe several engines on this 
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reciprocating principle, and have adopted a variety of modes of 
arrangement since I contrived the one which I communicated to 
you) I am led to think that an engine constructed on Mr. Wright's 
mode of arrangement will be very feeble in its action: it is more 
than doubtful to me whether it will ever work at all; the loading 
of the reciprocating bar, I think, seems rather injudicious, but this 
is not the most objectionable part of the alteration which he 
suggests. I would also observe, that the lengthening of the stroke 
of the lever by merely removing the fulcrum is by no mears a new 
idea. His manner of making the magnets is, I believe, original, 
and in this respect shall be anxious to hear the result of his ex- 
periment. 
I am, Sir, 
Yours respectfully, 
URIAH CLARKE. 


MISCELLANEOUS ARTICLES. 


XLIL-BRITISH ASSOCIATION PROCEEDINGS, Tuunrspay, 
3 SEPTEMBER 21, 1840. 


Section B.—Chemistry and Mineralogy. 


In this Section, the President, Dr. T. Thomson, F. R. S., took the 
chair. The first paper read was, On the peculiar odour evolved 
in certain electro-chemical decompositions,” by Professor Schobein. 
In the absence of the author, Mr. E. Solly read the paper to the 
Section. 

M. Schönbein has undertaken a series of experiménts, in order to 
ascertain the circumstances under which the odour is evolved in 
electro-chemical decompositions; the causes which influence its 
production ; and, if possible, the principle to which its appearance 
is to be attributed. After describing the period at which the odour 
is produced, he goes on to observe, that the odour is evolved on 
the decomposition of water, dilute sulphuric acid, and many oxy- 
salis ; dilute sulphuric acid yielding it in largest quantities. The 
author found, on collecting the oxygen gas evolved at the anode 
from a solution capable of evolving this odour, that it might be 
preserved for some time by inclosing the gas in well stopped bottles. 
From the characters possessed by this oxygen, he was led to con- 
sider the odour due to the presence of a minute portion of a new 
and hitherto wholly unknown substance, of considerable importance 
in many natural phenomena; and he has therefore named it, from 
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its most evident character, ozone. Its properties are as follows :— 
It ig only evolved from solutions containing it, by perfectly clear 
electrodes of platinum of gold, while charcoal and the more oxidi- 
sable metals are unable to cause its appearance. It can only be 
obtained from a cold solution. When a piece of one of the oxidi- 
sable metals, such as lime, iron, &c., is placed in a portion of oxygen 
impregnated with ozone, that peculiar substance is almost immedi- 
ately absorbed, and the oxygen becomes inodorous. When per- 
fectly clear and dry plates of gold are immersed in oxygen contain- 
ing ozone, they acquire a negatively electric state of polarity. The 
plates thus polarised continue their electric powers in air for a con- 
siderable time, but rapidly leave it when plunged in hydrogen gas, 
in which, if retained a sufficient time, they acquire an opposite 
state, becoming positively polarised. After comparing these effects 
with those produced by the odour peculiar to common electric 
sparks and brushes, he states that both from its electro-motive 
power, and likewise from its strong affinity to metals, it is evidently 
similar to chlorine, bromine, and iodine. Its non-appearance, when 
water is decomposed by electrodes of the more oxidisable metals, 
he attributes to its entering immediately into combination with the 
metals; and he considers that, when the solution is heated, the 
affinity of the ozone for metals is so much increased, that it is even 
able to combine with gold and platinum; thus accounting for its 
disappearance when heated. By this theory, all the phenomena 
attendant on its evolution may be easily explained ; and it hence 
becomes very interesting to search for traces of this widely-diffused 
substance. M. Schönbein considers the smell perceived whenever 
bodies are struck by lightning is propably due to a small portion of 
ozone being set free, and relates a case of a church lately struck by 
lightning, which fell within his own observation, in which the sur- 
rounding buildings to a considerable distance were filled with a 
bluish vapour and peculiar pungent odour. 

The second paper read was by Mr. E. Solly, On the best 
method of Bleaching Vegetable Wax.” Mr. Solly, after referring 
to a number of experiments which he had made during the course 
of the summer, to discolourise vegetable wax, stated he found the 
following to answer the purpose most completely, by which the 
wax was bleached in a few minutes, and greater effect of discolour- 
ation was produced than by the mere passage of chlorine for half 
an hour. This method consisted of bleaching by pure nitric acid, 
by melting the wax, pouring in a small quantity of sulphuric acid, 
composed of one part of oil of vitriol to two of water, and then stir- 
ring in a few crystals of nitrate of soda, the whole to be agitated 
with a wooden stirrer and kept heated. Nitric acid is then evolved 
in considerable quantity and purity from. a large surface, and in 
such a manner that all the acid evolved must necessarily pass through 
the melted wax. This method answers the purpose very completely, 
the process is cheap and rapid, and the residium, being merely a 
little solution of sulphate of soda, is very easily removed. 

The Chairman remarked that this was a very simple mode of 
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bleaching wax, and a general knowledge of it might be extremely 
useful. 

Professor Gregory read a communication “ On the pre-existence 
of Urea in Uric Acid.” By the action of peroxide of lead on uric 
acid, Liebig and Wöhler obtained from it oxalic acid, allantoine, and 
urea, and they considered the latter as existing in the uric acid, 
combined with urile. The author having found that urea, unlike 
most organic substances, resists the oxidising agency of permangan- 
ate of potash, thought, if urea could be obtained from uric acid by 
the action of that salt, the argument for its pre-existence would be 
much strengthened, as, if only the elements of urea were present, 
the oxidising agency of the permanganate would most likely prevent 
its formation. On trying the experiment, a large quantity of urea 
was obtained along with oxalic acid, and a new acid, probably formed 
by the oxidation of allantoine. The author farther described the 
acetate of urea—a salt which was formed in the experiment. Pro- 
fessor Gregory then exhibited a new process, communicated by 
Professor Liebig, for preparing the new, singular, and beautiful 
compound, termed murexide by Liebig and Wohler, and purpurate 
of ammonia by Prout. This process is quite certain, and very pro- 
ductive. It consists in adding a boiling solution of seven grains of 
alloxan, and four grains of alloxantine, in 240 grains of water, to 
eighty of a cold and strong solution of carbonate ofammonia. The 
mixture instantly acquires a deep purple colour, and on cooling de- 
posits the golden green crystals of murexide. 

Professor Graham asked if Dr. Gregory thought thisa good pro- 
cess fur procuring murexide, as it could be purchased in London 
from 4s. to 5s. per lb. The question led tono farther remarks. 

Dr. Schaf heutl, of Munich, read a very valuable paper on the 
relation of forms to chemical composition, in which he showed that 
the varieties of graphite, which are frequently met with, depend on 
difference of chemical composition. He also described his method 
of analysing graphite or plumbago, by means of sulphuric and nitric 
acids. | 

The last paper read was by Dr. Schaf heutl, on a new compound 
of arsenious acid and sulphuric acid, which appears to be the de- 
structive agent to vegetable and animal life, in the vapour emitted 
from the copper works at Swansea in South Wales. The view 
elicited by this interesting discovery of Dr. Schafheutl is likely to 
throw much light on some peculiarities observed in poisoning by 


arsenic. 
FRIDAY. 
Dr. T. THOMSON IN THE CHAIR. 


Before the regular business commenced the Muraxide produced 
by Dr. Gregory in his experiment yesterday was handed round the 
room for the examination of the section. 

Professor Graham was then requested to take the chair, while 
the president read a paper On the most important chemical manu- 
factures carried on in Glasgow and the neighbourhood.” The 
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manufacture of iron, sulphuric acid, bleaching powder, or chloride 
of lime, alum made at Hurlet and Campsie, precipitate of potash, 
acromate of potash, tartaric acid, ascetic acid, pyroxylis spirit, iodine, 
soap, bleaching of cotton cloth, Turkey red dyeing, glass making; 
cudbear and gas were enumerated, and the manufacture of them 
fully explained. 

Protessor Graham remarked that the section were greatly indebted 
to Dr. Thomson for collecting such a mass of valuable information 
on the manufactures of Glasgow and neighbourhood. 


The second paper read was by Mr. Connell, “On the Voltaic 
decomposition of Alcohol.” The author endeavoured to show that, 
by dissolving a small quantity of potassium in pure alcohol, and then 
subjecting the compound to voltaic action, water was obtained. 


Dr. L. Playfair read the next paper, which was by D. R. W. 
Glover, On a new process for obtaining hydrobromic acid, and 
hydriodic acid.” The author proposed the employment of bromite 
and iodite of bromine as a very convenient source of the above named 
hydrobromic, in atomic Proportions. 


Professor Bunsen read the next paper, which was on the com- 
pounds of a new radical compound, called “Kakodyle.” The 
process by which this compound is obtained is exceedingly dan- 
gerous, and the author, in his experiments, has been several times 
severely injured. Arsenic is a principal ingredient in the compound. 


The next paper read was by Dr. Mohr, on a new mode of pre- 
paring Morphia. The principle of the new method of preparing 
morphia consists in dissolving the morphium in caustic lime by 
means of heat, and precipitating the filtered liquor by muriate of 
ammonia. The lime is neutralised by the muriatic acid of salt, 
ammonia set free, and the morphia precipitated. In this process 
the morphia is obtained in a crystalline and very pure state, with- 
out the alcohol. This mode of operating is as follows:—The 
opium is dissolved in boiling water and strained, this operation 
repeated twice, the liquors concentrated by evaporation, boiled with 
caustic lime, strained again, and mixed while hot with powder of 
sal ammoniac. 

Dr. Gregory said he had had a great deal of experience in pre- 
paring morphia, and he was quite satisfied that Dr. Mohr's was the 
best, both · for preparing small quantities, and for class experiments. 
He was sure it would be universally adopted as soon as known. 


Dr. R. D. Thomson read a paper by Mr. Sturgeon—“On a 
peculiar class of Voltaic phenomena.” The section then adjourned. 
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XLIL—Organic Chemistry.— M. Majendie communicated the following 
Letter, which was addressed to him by M. Donné. 


Sig, - Permit me to mention to you some new results of my re- 
searches on urine, for the assistance of the interesting observation 
you made some time ago, on the production of oxalate of lime, 
determined by the use of sorrel. 

From the commencement of the spring, in the urines I have 
subjected to microscopic analysis, very beautiful and numerous 
crystals, of a cubical form, and bearing a great analogy at first 
sight to the crystals of marine salt. 

But on the one hand chloride of sodium is too soluble to be de- 
posited in urine without previous evaporation ; on the other hand, 
the crystals of which I speak are insoluble in cold or even hot 
water: besides, in rolling them on a plate of glass, we soon perceive 
that instead of being cubes, they are formed of two pyramids of 
four faces; generally connected by their bases, which gives the 
crystal the appearance sometimes of a cube, and sometimes of a 
lozenge, according to the position it takes. 

These crystals are insoluble in acetic and soluble in nitric acid 
without effervescence ; collected and well washed, calcined and 
burnt on a plate of platina by means of a pipe, they leave a white 
matter, which placed with a little water on red turnsol paper, 
instantaneously changes to blue. Hence this matter is evidently 
lime proceeding from the decomposition of the oxalate of the base. 
And in fact, it is only necessary to eat a certain quantity of sorrel 
to produce in the urine an immense quantity of these crystals: in 
less than two hours after eating it, the fluid deposits thousands of 
them by cooling and being undisturbed. 

Thinking this observation would interest you I hastened to com- 
municate it. I wili add, with regard to nitric acid, that indepen- 
dently of the causes you have mentioned as its production, I am 
assured, by the comparative observation of the alimentary regimen 
and the composition of urine, that stimulants of the nervous system, 
such as coffee, tea, and even smoking tobacco, determine infallibly 
the formation of a great quantity of uric acid, which crystalise in 
yellow rhomboidal spangles by cooling. 

Hence we may conclude, as you have done, the precautions 
proper to be taken in case of a tendency to this sort of gravel, and 
that, also, we might take account of the presence in excess of 
uric acid in the symptom of diseases with regard to the state of the 
nervous system. 
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XLIII.— Note on a nem arrangement of Steam Guages intended 


for high-pressure steam boilers. By M. E. PEcLet.* 

8 

High-pressure boiler guages are always of compressed air.; for 
inverted syphons, open and filled with mercury, would become too 
hot. But the common guages are always inexact, at least I have 
not met with one, which after a few months use, has not experi- 
enced a considerable diminution in the air which it at first con- 
tained. This diminution in the volume of air sometimes results 
from a sudden abatement of pressure in the boiler occasioned by a 
too rapid injection of cold water, and in all cases the slow action of 
the air on the mercury, which progressively diminishes its volume. 
Besides which the constructors do not correct the graduation of the 
scale for the variation of the level of the mercury. 

The following arrangement completely obviates all these incon- 
veniences :— 

A glass ball, 3 or 4 centemetres in diameter, is mounted on a 
tube intended to communicate with the boiler, it is soldered by its 
lower part to a capillary tube, which descending vertically 8 or 10 
centemetres, is bent and raised vertically as high as the middle of 
the ball, and is prolonged horizontally for about 50 or 60 cente- 
metres ; this capillary tube is open at its extremity, near which it 
has a thread, also the part of the capillary tube which is raised ver- 
tically is furnished with a small ball. We commence by dividing 
the horizontal part of the tube into portions of equal capacity, 
which presents no difficulty, the tube being open at both ends ; 
after this mercury is poured in the large ball as high as the hori- 
zontal tube, and the apparatus is slightly inclined, so that the mer- 
cury may entirely fill the tube: the extremity of the tube is then 
inserted into a cork which closes a tube full of chloride of calcium, 
communicating by the other extremity with a vessel of hydrogen or 
carbonic acid ; the apparatus is then inclined in the opposite direc- 
tion, so that the mercury may retire as far as the origin of the divi- 
sions, and finally, the glass is fixed in the middle of the thread by 
means of the flame of a blow-pipe. 

In an apparatus of this kind there are no corrections to be made 
for the variations of the level of the mercury, since it js constant: 
there is no fear of a loss of gas by a sudden diminution of pressure, 
on account of the ball placed in the ascending part of the capillary 
tube, which the expanded gas would fill previous to escaping: 
finally, the gas having no action on the mercury, the instrument 
will not become defective from time. 


* Translated by J. H. Lang. 
August, 1840. 
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XLIV.—Analysis of a Chromic Iron Ore, first observed by R. C. 
TayLor, Eso., at Mahobal, near Gibara, Island of Cuba; 
by James C. Boorn, and M. Caney Lea. 


1. Description.—This mineral has a black color, andishining me- 
tallic lustre, closely resembling Franklinite from New Jersey. 
It is moderately brittle, exhibiting a chocolate brown streak, when 
reduced to the finest powder. The mass consists of coarsely crystal- 
line particles, aggregated together, with intervening talcose matter, 
of a lighter color and softer texture than the chromic iron. This 
crystalline structure is so evident, that triangular faces of the _octa- 
hedron are observable in a majority of the specimens. 

2. Before the blowpipe, it dissolves in a bead of borax or, miero- 
cosmic salt, exhibiting the characteristic reaction of oxide of chrome. 

3. Analysis. — To obtain a proper specimen of the mineral; for 
analysis, it was coarsely broken up and separated from. the gangue 
as far as practicable. It was then finely pulverized. and one gramme 
of it ignited with carbonate of soda and caustic/ potassa, in order to 
convert the oxide of chrome into chromate of potassa. 

4. The fused mass was digested with water and{thrown upon a 
filter, which separated the oxide of iron and that portion“ of the 
mineral which had not been decomposed, from the other constituent 
which passed through in solution. The filter was then treated with 
hydrochloric acid, which dissolved the iron, leaving the undecon- 
posed ore on the filter. This was found to amount to .353. 

5. The solution of the chluride of iron which passed through, was 
then digested with nitric acid, and the peroxide precipitated by 
ammonia. This amounted to.172. Ina previous experiment, it 
was found to contain neither alumina nor magnesia. 

6. The solution obtained by the first filtration (4), was next 
neutralized by nitric acid, enough being added to precipitate and 
redissolve the alumina. The latter was then precipitated by bicar- 
bonate of soda and its weight found to be .1414. ` 

7. The remaining solution was now evaporated to dryness with 
carbonate of soda, and treated with water. The magnesia thus ren- 
dered insoluble, was separated and amounted to .090. | 

8. In the solution from (7), there still remained the oxide of 
chrome, which was estimated by concentrating the liquid by eva- 
poration and adding to it while boiling,hydrochloric acid and alcohol. 
The chromic acid, thus converted into oxide of chrome, was pre- 
cipitated by ammonia and separated on a filter. The solution 
passing through, still contained a small portion of oxide of chrome 
and was therefore evaporated to dryness and digested with water. 
The oxide of chrome thus rendered insoluble, was added to that be- 
fore obtained, and the weight of the whole amounted to .244. 
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9. Cone lusions.— The streak of the mineral being chocolate 
brown, it is difficult to say whether this color arises from the pro- 
toxide of iron or the brown oxide of chrome, a problem of exceed- 
ingly difficult solution by chemical analysis. Supposing the iron, 
however, to be in the state of protoxide, the. 172 will be reduced 
to. 1544 of protoxide. Now if ignition with carbonate of soda and 
caustic potassa, left a portion of the mineral undecomposed, it may 
without great error be assumed that the iron in this portion has not 
been peroxidized by that operation, and that therefore .353 is the 
correct weight of the undecomposed portion of the mineral. By 
adding the several weights obtained, we have, 


Oxide of chrome, 8 — — — 2440 
Protoxide of iron, — — — 1544 
Alumina, - - — „a — — 1414 
Magnesia, a ee — — — 0900 


Undecomposed ore, - - - - 3530 


9828 

This shows a loss of 1.72 per cent., which may be ascribed in part 

to errors in analysis, and partly, without impropriety, to a partial 

peroxidation either of the iron or chrome. 

By omitting the undecomposed matter, and calculating the per- 
centage of each ingredient, we find the mineral to consist of 
Oxide of chrome, — — 38.742 
Protoxide of iron, — — 8 — 24.516 
Alumina, - — — 8 — 22.452 
Magnesia, - - - - 14.290 


100.000 

This result indicates that a portion of the talcose matter was in- 
cluded in the specimen, notwithstanding the care exercised in its 
separation. Viewing the alumina, with a little silica included in it 
and the magnesia, as belonging to the talc, we find the formula for 
the oxides of chrome and iron, to be 2: 3, or 3(FeO)+2(Cr*O%). 
The formula generally received for the pure mineral is 2Cr+Fe, 
and leads to the supposition, that in the present case, a pertion of 
the iron exists as peroxide, a view which is strengthened by the 
brown streak of the mineral. 


Philadelphia, Dec. 5, 1839. 
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XLV.—Description and Analysis of a Meteoric mass, found in 
Tennessee, composed of Metallic Iron, Graphite, Hydroxide of Iron 
and Pyrites ; by G. Troost, M. D., Prof. of Chemistry, Miner- 
alogy and Geology, in the University of Nashville, Tenn. 


During my excursions through East Tennessee, I had seen small 
fragments of native iron, and had heard of large masses of it, which 
were believed to be silver. It being considered a precious metal, 
all that was known about it, and the place where it was found. were 
kept a profound secret. Some less prejudiced inhabitant at last 
became acquainted with the nature of the metal, and its real value 
was made known. To the politeness of Col. Micajah C. Rodgers, 
of Serierille, I am indebted for a considerable quantity of it; and 
the Hon. Judge Jacob Peck of Jefferson County, has also presented 
me with some small fragments. I am thus enabled to lay a descrip- 
tion of this singular substance before the scientific public. 

Having ascertained, as appears from the analysis below given, 
that this iron contains nickel, the mass must be considered of 
meteoric origin; but it differs from most of the masses of meteoric 
iron hitherto described. The original weight of it is said to have 
been about 2000 pounds. The portions that I have seen, (as well 
as those which are in my possession, ) present a singular heterogene- 
ous mixture of metallic iron, carburet of iron or graphite, sulphuret 
of iron, (pyrites,) and hydroxide of iron, the latter, brown and 
yellow ; in some parts all four ingredients form a kind of homo- 
geneous mixture. 

The most abundant constituent, however, is ie nickeliferous iron, 
and it composes about 95-100ths of the whole mass. It has partly 
a crystailine structure, and isin part, composed of grains or globules 
of various sizes and forms, merely agglutinated together, or some- 
times separated by a thin flexible highly polished pellicle of graphite. 
The crystalline part is composed of laminæ of various thickness, in 
the form of equilateral triangles, which are separated from each 
other by very thin flexible pellicles, as mentioned above respecting 
the grains. 

I expected to find these triangular laminæ placed in such position 
as to form octahedrons, or showing a cleavage parallel to the sides 
of a regular octahedron; but this is not the case, as the cleavage 
gives a regular tetrahedron. I have one of these forms, which is 

about an inch from base to appex. 

The metallic iron is also dispersed in small irregular-shaped 
masses through a hard, compact, brown hydrated oxide of iron. 
Throughout this the iron is also dispersed in invisible grains, to be 
detected only by the magnet, which attracts them when the sub- 
stance has been reduced to powder. 

This iron is malleable. I have in my possession a horse-shoe 
nail, which was made of it without having undergone a previous 
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preparation, but it is harder and whiter than common wrought iron. 
This hardness and color may be owing to a small quantity of carbon 
which it contains, or perhaps to the nickel; in its natural state, 
however, the color of the iron differs much in different parts. In 
some it is black, and has no metallic lustre; in others, it has a 
brilliant metallic lustre, and is then always much whiter than steel 
or common iron. It is then but little susceptible of being tarnished 
when exposed to the action of the air; the black part being merely 
tarnished, may be rendered white by a file; in some places it is 
covered with a kind of black varnish. | 

The substance which constitutes the greatest part of the remainder 
of the mass, is graphite. This substance is not easily distinguished 
frou the common graphite or plumbago, except that it is a litttle 
harder tnan the common granular and compact varieties, and is also 
rather blacker, and makes a finer, blacker, and more distinct line 
upon paper than common plumbago. When rubbed with a hard 
body it assumes a bright metallic lustre. It is not pure graphite, 
but rather a mixture of graphite and metallic iron. The iron can 
be partly removed by a magnet when the graphite is reduced to 
powder, but a considerable portion remains mixed with the graphite, 
which, when acted upon with hydrochloric acid, is dissolved with a 
brisk effervescence of hydrogen gas. 

The suiphuret of iron, or pyrites, occupies the smallest portion 
of the mass. This pyrites is not attracted by the magnet, nor does 
it seem to act upon the magnetic needle. It can easily be cut with 
a knife, and is consequently softer than common pyrites. It does 
not give sparks when struck with steel, another property which 
distinguishes it from common pyrites. It is easily soluble in diluted 
hydrochloric acid, with a brisk evolution of sulphuretted hydrogen 
gas, leaving a mixed powder of white and black in the fluid. It 
has a more or less sub-lamellar structure, in which no regularity 
can be perceived, and a color between bronze yellow and copper 
red, often tarnished. l 

The hydroxide of iron, which forms part of this mass, is a 
heterogeneous mixture of the varieties of the ore generally known 
under the names of brown iron ore and yellow ochre, and resem- 
bles this terrestrial mineral. Its color is generally brownish black, 
passing into liver brown. The external surface of the mass is 
covered here and there with the yellow earthy variety (yellow 
ochre) ; how far this covering extended, I am not able to say, as 
the mass was too roughly handled before any part of it came into 
my possession. Its fracture resembles that of the common com- 

ct brown iron ore. The blackish brown variety is so very hard, 
that the best file is immediately dulled upon it, and leaves particles 
of the steel on the surface of the ore. Nevertheless, the whole is 
not of uniform hardness ; a part, particularly the liver brown, being 
scratched by the file. 

Some small cavities in it are lined with lamellar crystals, resem- 
bling those of white pyrites. 

This hydroxide, which serves as a matrix of the metallic iron, is 
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not, judging from my specimens, abundant in the interior of the 
mass, but the exterior of the mass is entirely made up of it. At 
some places it is about one inch thick, while at others it is no more 
than one quarter of an inch, showing here and there small points of 
the metallic iron piereing through it. 

Such are the characters and appearances of this mass, of the date 
and circumstances of whose fall, nothing is known. It was acci- 
dentally discovered near Cosby's creek, in the southwestern part of 
Cocke County, East Tennessee, and as I mentioned above, was con- 
sidered a silver ore. Indeed, there is yet a fragment of it in the 
hands of an inhabitant, who asks for it 1500 dollars—a sum, which 
would be some hundred dollars too much, if it were pure silver. 

Chemical constituents of the different parts. 

1. Metallic Iron.—100 grains of the metallic iron were dissolved 
in diluted hydrochloric acid, leaving a residue of half a grain of a 
; black powder, similar to that obtained from the graphite. This 
solution being treated with nitric acid, to convert the protoxide into 
peroxide, was precipitated by pure ammonia. The precipitate 
being washed and ignited, gave 124 grains of peroxide, == 87 grains 
of iron. The ammoniacal solution gave 16 grains of protoxide of 
nickel, = 12 grains of metallic nickel, with a trace of cobalt; loss, 


— — — — a. ae 


half a grain. 
Iron, de ood 955 sis aoe 87.0 
Nickel, EE 8 bat sit ion 12.0 
à l Carbon, ee zee sis ie 0.5 
Loss, si ies TA sie ie 0.5 


100.0 

2. Graphile-—50 grains of the graphite being pulverized and 
freed by a magnet from intermixed iron, were acted upon with 
diluted hydrochloric acid. An effervescence took place, with ex- 
pulsion of hydrogen gas, owing to metallic iron, which was 80 
intimately mixed with the graphite, that it was not attracted by 
the magnet. After the effervescence ceased, it was heated in 
order to dissolve every thing that was soluble. The insoluble 
part was washed and dried; it was pure carbon, and weighed 
46 grains. 

The hydrochloric solution being treated with nitric acid, to con- 
vert the protoxide of iron into peroxide, and precipitated by am- 
monia, gave peroxide of iron equal to three grains of metallic iron. 
The filtered solution was treated with pure potassa, and a hardly 
perceptible gray flocculent precipitate was obt&ined, so that this 
iron was free from, nickel. 


Carbon, 5 eas ae ae . . 46.5 
Iron, as ve bas 285 . . 3.0 
Loss, wt 0 aan Shs .. 0.5 

100.0 


3. Sulphuret of Iron,—A small fragment of the pyrites was dis- 
solved in diluted hydrochloric acid, under a brisk effervescence of 


Miscellaneous Articles. 316 


sulphuretted hydrogen gas. Part of it was insoluble; this after 
being washed and dried, was exposed to heat, by which the sul- 
phur was sublimed, leaving a black powder. The quantity used 
was too small to determine the proportion; it is composed of 
sulphuret of tron and carbon. 

4. Hydroxide of Iron. — The hydroxide of iron lost about 17 per 
cent. by being heated, and had all the characters of a similar 
residue from brown ironstone or hematite. 

This is not the only instance in which meteoric iron has been 
found in the State of Tennessee. A small mass of it was found 
in Dickson County ; another, a few miles west of Canyfork in De 
Kalb County. The latter had a smooth glossy surface, and was of 
an oval shape, its longer diameter being from 10 to 12 inches. 

- It is said that several masses have been found about 20 miles 
east from the warm springs in Buncombe County, North Carolina. 
I went tothe spot, during my last excursion in East Tennessee, 
but I could learn nothing with certainty concerning it, and did 
not see any of the metal.“ 


Nashville, Tenn., Nov. 8, 1839. 


XLVI.—Observalions on the Aurora Borealis of September 3, 


1839 ; communicated by Epwarp C. Herrick, Rec. Sec. 
Conn. Acad. 


On the night of Tuesday, the 8d of September, 1839, an extraor- 
dinary display of the Aurora Borealis was scen in all parts of the 
United States, and was probably also visible over a large portion of 
the northern hemisphere above the latitude of 30°. The public at- 
tention throughout the country was much attracted by this display, 
and numerous descriptions of its phenomena were published in the 
newspapers. I propose here to give a brief abstract of some of 
these accounts. 

1. New Haven. Observations were made here by Mr. A. B. Haile, 
Mr. F. Bradley, and myself, and doubtless also by many others. 
The auroral light was first noticed about half an hour after sunset, 
and of course while the twilight was quite strong. At this time 
the sky was much obscured by thin clouds, but these gradually 
dispersed. As daylight faded, the Aurora grew more conspicuous, 
and soon presented a most splendid scene. So many good detailed 


* One mass, at least, of meteoric iron has been found in this county, and an 
analysis of it was published by Professor C. U. Shepard, in this Jour., Vol. 36, 
Pp. 81.—Eps. 


317 Miscellaneous Articles. 


descriptions of great Auroral displays have however already been 
published in this Journal, that it seems unnecesary to attempt in 
this place a very minute account of the particulars of this instance. 
Previous to midnight, there were three or four seasons of maximum 
energy, during which a large portion of the heavens was covered 
with a vast assemblage of streamers of various hues, in which crim- 
son and silver-white predominated. The exhibition was, on the 
whole, quite equal in splendour to any which we have ever seen in 
this region. Several times in the course of the evening, the corona 
was distinctly formed, enveloped, as usual in a tumultuons, ever- 
shifting mass of Auroral light. The mean of numerous observa- 
tions of the altitude of the centre of the corona, taken by a plumb- 
quadrant, gave 74° ; which is not more than half a degree greater 
than the present magnetic dip at this place. Before 9h. 26m. there 
was but little undulation in the streamers, but about this time the 
Aurqral waves began to show themselves, and soon flashed up 
towards the zenith with great magnificence. Low in the north, we 
saw at this time, what appeared to be short dark columns rising 
across the intensely luminous band which lay there, and then almost 
instantly vanishing. This was often repeated. ‘The southern part 
of the heavens was occupied with streamers to very unusual extent. 
The arch bounding the streamers on the South gradually descended, 
so that at 10h. its vertex was not more than 10° above the horizon. 
We were consequently led to infer that this occurrence extended 
very far to the south pf us, which bas been found to be the fact? 

At 7h. 37m. I stationed within the house, a surveyor’s compass, 
so that the needle coincided with the N. and S. points. At Sh. 7m. 
it stood at 30’ W. of N. At 9h. 7m. a splendid red blaze in the E., 
needle N. 30 E.: 9h. 27m. needle O. At noon on the 4th, the 
needle stood at N. 1° 30’ W., so that, (if we assume, as is most 
probable, that the needle had then regained its usual place,) its 
north end was not observed during the Aurora, to be carried to the 
west of its mean position. Circumstances rendered it inconvenient 
to retain the instrument any longer in the place it occupied during 
the Aurora, so that it cannot be confidently asserted that the influ- 
ence of the Aurora was entirely ended at noon on the 4th. The 
needle is much less sensitive than that of the variation compass 
formerly employed. Of course I can not compare the magnetic 
effects of this display with those of other great occasions of this 
kind. During the evening, the temperature was from 70° to 60°. 
At 9h. the dew point was 58°, the air being 65°. | 

We discontinued our observations a little after 11h. at which time 
the display had greatly declined. A person who was abroad after 
midnight, informed me that about 1 A. M., (4th,) the spectacle 
was, if possible, more splendid than before. At 4 A. M., I found 
numerous streamers in active undulation, about the northern hori- 
zon; but not reaching to a greater elevation than 209. | 

During the night of Wednesday, the 4th, the sky was densely 
overcast: A moderate Auroral display was seen at Albany, N. Y., 
at Middlebury, Vt., and probably at many other places where the 
state of the weather permitted observation. 
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2. Nashville, Tenn. N. lat. 36° 9’ 23” ; W. lon. 86° 49°. ‘The 
following observations are contained in a letter to Prof. Silliman 
from Prof. James Hamilton, of the University of Nashville. Al- 
though a resident in this city for more than six years, between 
1827 and 1835, I have never seen so beautiful an exhibition of the 
Aurora Borealis, as that which occurred in the evening of Septem- 
ber 3, 1839; nor have I been able to learn that any of the oldest 
inhabitants remember one of equal magnificence. The late display 
was but little inferior to those J have observed in New Jersey, three 
times within the last four years. About 7 P. M., the northern sky 
appeared unusually bright, as if affected by lunar twilight. A large 
bank of vapor or thin cloud was discovered ia the N., gently declin- 
ing towards the E. and W. points of the horizon, and extending 
perhaps 308 in each direction. A similar bank of smaller dimen- 
tions was seen in the N. E., but less bright than the Northern. In 
a few minutes, the upper edges of both banks, but especially of the 
Northern, had a whiteness resembling the enlightened disk of the 
moon in its greatest splendour. The bank was at this time about 
12° in height as determined by a theodolite. At 7h. 25m. a white 
streamer about 2° in width, arose from the bank about N. 6° E., 
and shot upwards through the Pole star as far as the zenith, being 
rather convex cn the Western side. Others appeared immediately 
on both sides of it, passing through or near Ursa Major and Cassi- 
opea. The bank in the N. E. exhibited as yet no coruscations. 
At 7h. 45m., the columns had become larger and more numerous, 
One embraced Ursa Major, and another Cassiopeia, without farther 
extension horizontally. ‘These were both of a brilliant crimson 
colour, and remained nearly stationary for a considerable time, 
while the intervening column became faint. A westward motion 
was soon after observed in three principal columns, and about the 
same time a diminution in the brightness of the red ones. On this 
last occurrence, thin horizontal clouds of a red colour were seen 
crossing the columns at an altitude of 309, which however soon 
disappeared. When the Northern bank possessed less energy, the 
Northeastern sent up to the zenith an intensely red column, which 
continued to glow until nearly 9h., alternating however in bright- 
ness with those in the N. The Northern coruacations ceased about 
9 P. M., and the other bank gave forth afterward but few and less 
vivid streamers. Before 10h. these hcd elso ceased, yet the North- 
ern bank continued to exhibit its silvery edge ; and another display 
occurred after midnight. The Northern bank attained an altitude 
of 224° at 8h. 15m. and was about 3° higher at 8h. 40m. 

“A very brilliant white column, 1° wide, and 3° W. of Arctu- 
rus, appeared to have undulations in the directions of its length for 
a considerable time, as if caused by the gentle flow of a fluid on 
its surface. The first column from the N. was evidently either 
in or very near the plane of the magnetic meridian. The banks 
continued to increase along the horizon until 9 P. M., when they 
extended from the E. to within 10° of the West. The extremities 
were not bright, but had the usual appearance of light clouds. 


— —— — ‘e 
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At this most, westerly point, a shower had arisen about sunset 
which had been driven toward the S. W., and during the Aurora 
flashes of lightning at a great distance were occasionally seen. 
These became less and less vivid, the storm being driven away 
by a N. E. wind, blowing at the rate of three miles, and increasing 
to about six miles an hour during the phenomenon. The needle 
(about 10 inches long, and very sensitive,) vibrated through an 
arc of 1° 10’, while the columns were apparent, and on the follow- 
ing morning it had rested in an intermediate position only 20’ W. 
of its greatest eastern limit during the evening. The plate or an 
electrical machine, in an adjoining room, showed more than usual 
activity, giving after two turns, pungent and loud sparks to the 
knuckles three inches distant. The season has been exceedingly 
dry since the middle of July. l 

“« Taking the direction of my transit telescope, I found the 
magnetic variation this day, (Sept. 7, 1839,) to be 5° 56’ E.“ 

3. At New Orleans, La., (N. lat. 29° 58’) the Auroral display 
was quite conspicuous, and appeared so much like a large confla- 
gration, that the fire engines were called out to extinguish the 
flames. The altitude of the streamers is not mentioned. No 
corona was probably formed at this place. Being desirous to ascer- 
tain how far south a corona was visible, I made special inquiries of 
a friend at Claiborne, Ala., (N. lat. 314°) where the Aurora was 
very splendid, and learn that it could scarcely be said that a corona 
was formed there, althongh several times the Auroral columns 
were nearly united overhead. It is probable that a corona might 
have been seen within a hundred miles north of this. 

4. Throughout England the Aurora of September 3rd, is de- 
scribed as most gorgeous. A confused and rhetorical account con- 
tained in a London paper of Sept. 4, (copied in N. V. Journal of 
Commerce, Oct. 12, ) states that the Aurora “ had a most alarming 
appearance, and was exactly like that occasioned by a terrific fire 
The consternation in the metropolis was very great, thousands of 
persons were running in the direction of the supposed awful catas- 
trophe. * * At two o'clock in the morning (4th) the phe- 
nomenon presented a most gorgeous scene, and one very difficult 
to describe. The whole of London was illuminated as light as 
noonday, (!) and the atmosphere was remarkably clear. The 
southern hemisphere though unclouded was very dark, but the 
stars which were innumerable shone beautifully. The opposite 
side of the heavens presented a singular, but magnificent contrast; 
it was clear in the extreme, and the Jight was very vivid. There 
was acontinual succession of meteors which varied in splendour. 
They apparently formed in the centre of the heavens, and spread 
till they seemed to burst; the effect was electrical, myriads of small 
stars sliot out over the horizon, and darted with that swiftness to- 
wards the earth that the eye could scarcely follow the track ; they 
seemed to burst also, and throw a dark crimson vapour over the 
entire hemisphere. * ° Stars were darting about in all direc- 
tions, and continued until 4 o'clock, when all died away.” 
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I x. Convection, or carrying discharge (continued). J xi. Relation 
of a vacuum to electrical phenomena. §.19. Nature of the elec- 
trical current. 


(Continued from page 284). 


1610. The latter experiments (1609.) may therefore be consi- 
dered as failing to give the hoped-for proof, but I have much con- 
fidence in the former (1605. 1608.}, and in the considerations 
(1603.) connected with them. If I have rightly viewed them, 
and we may be allowed to relate the currents at points and surfaces 
in such extremely different bodies as air and the metals, and admit 
that they are effects of the same kind, differing only in degree and 
in proportion to the insulating or conducting power of the dielec- 
tric used, what great additional argument we obtain in favour of 
that theory, which in the phenomena of insulation and conduction 
also, as in these, would link the same apparently dissimilar sub- 
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stances together (1336. 1561.); and how completely the general 
view, which refers all the phenomena to the direct action of the 
molecules of matter, seems to embrace the various isolated pheno- 
mena as they successively come under consideration ! 


1611. The connection of this convective or carrying effect, which 
depends upon a certain degree of insulation, with conduction ; i. e. 
the occurrence of both in so many of the substances referred to, 
as, for instance, the metals, water, air, &c., would lead to many 
very curious theoretical generalizations, which I must not indulge 
in here. One point, however, I shall venture to refer to. Con- 
duction appears to be essentially an action of contiguous particles, 
and the considerations just stated, together with others formerly 
expressed (1326. 1336, &c.), lead to the conclusion, that all bodies 
conduct, and by the same process, air as well as metals ; the only 
difference being in the necessary degree of force or tension between 
the particles which must exist before the act of conduction or 
transfer from one particle to another can take place. 

1612. The question then arises, what is this limiting condition 
which separates, as it were, conduction and insulation from each 
other? Does it consist in a difference between the two contiguous 
particles, or the contiguous poles or these particles in the nature 
and amount of positive and negative force, no communication or 
discharge occurring unless that difference rises up to a certain 
degree, variable for different bodies, but always the same for the 
same body? Or is it true that, however small the difference be- 
tween two such particles, if dime be allowed, equalization of force 
will take place, even with the particles of such bodies as air, sul- 
phur or lac? In the first case, insulating power in any particular 
body would be proportionate to the degree of the assumed necessary 
difference of force ; in the second, to the time required to equalize 
equal degrees of difference in different bodies. With regard to 
airs, one is almost led to expect a permanent difference of force, 
but in all other bodies, time seems to be quite sufficient to ensure, 
ultimately, complete conduction. The difference in the modes by 
which insulation may be sustained, or conduction effected, is not a 
mere fanciful point, but one of great importance, as being essentially 
connected with the molecular theory of induction, and the manner 
in which the particles of bodies assume and retain their polarized 
State. 


q xi. Relation of a vacuum to electrical phenomena. 


1613. It would seem strange if a theory which refers all the 
phenomena of insulation and conduction, i.e. all electrical pheno- 
mena, to the action of contiguous particles, were to omit to notice 
the assumed possible case of a vacuum. Admitting that a vacuum 
can be produced, it would be a very curious matter indeed to 
know what its relation to electrical phenomena would be; and as 
shell-lac and metal are directly opposed to each other, whether a 
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vacuum would be opposed to them both, and allow neither of in- 
duction or conduction across it. Mr. Morgan“ has said that a 
vacuum does not conduct. Sir H. Davy concluded from his in- 
vestigations, that as perfect a vacuum as could be madet did 
conduct, but does not consider the prepared spaces which he used 
as absolute vacua. In such experiments I think I have observed 
the luminous discharge to be ptincipally on the inner surface of 
the glass; and it does not appear at all unlikely, that, if the 
vacuum refused to conduct, still the surface of glass next it might 
carry on that action. 

1614. At one time, when I thought inductive force was exerted 
in right lines, I hoped to illustrate this important question by mak- 
ing experiments on induction with metallic mirrors (used only as 
conducting vessels) exposed towards a very clear sky at night time, 
and of such concavity that nothing but the firmanent could be visible 
from the lowest part of the concave n, fig. 29, plate iii. Such mirrors, 
when electrified, as by connection with a Leyden jar, and examined 
by a carrier ball, readily gave electricity at the lowest part of their 
e@oncavity if in a room; but I was in hopes of finding that, circum- 
stanced as before stated, they would give little or none at the same 
spot, if the atmosphere above really terminated in a vacuum. I was 
disappointed in the conclusion, for I obtained as much electricity 
there as before ; but on discovering the action of induction in curved 
lines (1231.), found a full and satisfactory explanation of the result. 

1615. My theory, as far as I have ventured it, does not pretend to 
decide upon the consequences of a vacuum. It is not at present 
limited sufficiently, or rendered precise enough, either by experi- 
ments relating to spaces void of matter, or those of other kinds, to 
indicate what would happen in the vacuum case. I have only as 
yet endeavoured to establish, what all the facts seem to prove, that 
when electrical phenomena, as those of induction, conduction, in- 
sulation and discharge occur, they depend on, and are produced by 
the action of contiguous particles of matter, the next existing particle 
being considered as the contiguous one ; and I have further assumed, 
that these particles are polarized ; that each exhibits the two forces, 
or the force in two directions (1295. 1298.); and that they act at 
a distance only by acting on the contiguous and intermediate par- 
ticles. 

1616. But assuming that a perfect vacuum were to intervene 
in the course of the lines of inductive action (1304.), it does not 
follow from this theory, that the particles on opposite sides of such 
a vacuum could not act on each other. Suppose it possible for a 
positively electrified particle to be in the centre of a vacuum an inch 
in diameter, nothing in my present views forbids that the particle 
should act at the distance of half an inch on all the particles form- 
ing the inner superfices of the bounding sphere, and with a force 
consistent with the well-known law of the squares of the distance. 
But suppose the sphere of an inch were full of insulating matter, 


* Philosophical Transactions, 1780, p. 272. + Ibid. 1822, p. 64. 
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the electrified particle would not then, according to my notion, act 
directly on the distant particles, but on those in immediate associa- 
tion with it, employing all its power in polarizing them; producing 
in them negative force equal in amount to its own positive force and 
directed towards the latter, and positive force of equal amount di- 
rected outwards and acting in the same manner upon the layer of 
particles next in succession. So that ultimately, those particles in 
the surface of a sphere of half an inch radius, which were acted on 
directly when that sphere was a vacuum, will now be acted on 
indirechly as respects the central particle or source of action. i. e. 

they will be polarized in the same way, and with the same amount 
of force. 


§ 19. Nature of the electric current. 


1617. The word current is so expressive in common language, 
that when applied in the consideration of electrical phenomena we 
can hardly divest it sufficiently of its meaning, or prevent our minds 
from being prejudiced by it (283. 511.). I shall use it in its com 
mon electrical sense, namely, to express generally a certain condi- 
tion and relation of electrical forces supposed to be in progression. 

1618. A current is produced both by excitement and discharge ; 
and whatsoever the variation of the two general causes may be, the 
effect remains the same. Thus excitement may occur in many 
ways, as by friction, chemical action, influence of heat, change of 
condition, induction, &c.; and discharge has the forms of conduc- 
tion, electrolyzation, disruptive discharge, and convection ; yet the 
current connected with these actions, when it occurs, appears in all 
cases to be the same. This constancy in the character of the current, 
notwithstanding the particular and great variations which may be 
made in the mode of its occurrence, is exceedingly striking and im- 
portant ; and its investigation and development promise to supply 
the most open and advantageous road to a true and intimate un- 
derstanding of the nature of electrical forces. 

1619. As yet the phenomena of the current have presented 
nothing in opposition to the view I have taken of the nature of 
induction as an action of contiguous particles. 1 have endeavoured 
to divest myself of prejudices and to look for contradictions, but | 
have not perceived any in conductive, electrolytic, convective, or 
disruptive discharge. 


1620. Looking at the current as a cause, it exerts very extraor- 
dinary and diverse powers, not only in its course and on the bodies 
in which it exists, but collaterally, as in inductive or magnetic 
phenomena. 

1021. Electrolytic action.—One of its direct actions is the exer- 
tion of pure chemical force, this being a result which has now been 
examined to a considerable extent. The effect is found to be 
constant and definite for the quantity of electric force discharged 
(783, &c.); and beyond that, the intensify required is in relation 
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to the intensity of the affinity or forces to be overcome (904. 906. 
911.). The current and its consequences are here proportionate ; 
the one may be employed to represent the other; no part of the 
effect of either is lost or gained; so that the case is a strict one, 
and yet it is the very case which most strikingly illustrates the 
doctrine that induction is an action of contiguous particles (1164. 
1343.). ` 

1625 The process of electrolytic discharge appears to me to be 
in close analogy, and perhaps in its nature identical with another 
process of discharge, which at first seems very different from it, 
I mean convection. In the latter case the particles may travel for 
yards across a chamber; they may produce strong winds in the 
air, so as to move machinery; and in fluids, as oil of turpentine, 
may even shake the hand, and carry heavy metallic bodies about ;* 
and yet I do not see that the force, either in kind or action, is at 
all different to that by which a particle of hydrogen leaves one 
particle of oxygen to go to another, or by which a particle of 
oxygen travels in the contrary direction. 

1623. Travelling particles of the air can effect chemical changes 
just as well as the contact of a fixed platina electrode, or that of a 
combining electrode, or ions of a decomposing electrolyte (453.471); 
and ir the experiment formerly described, where eight places of 
decomposition were rendered active by one current (409.), and 
where charged particles of airin motion were the only electrical 
means of connecting these parts of the current, it seems to me that 
the action of the particles of the electrolyte and of the air were 
essentially the same. A particle of air was rendered positive; it 
travelled in a certain determinate direction, and coming to an elec- 
trolyte, communicated its powers; an equal amount of positive 
force was accordingly acquired by another particle (the hydrogen), 
and the latter, so charged, travelled as the former did, and in the same 
direction, until it came to another particle, and transferred its power 
and motion, making that other particle active. Now, though the 
particle of air travelled over a visible and occasionally a large space, 
whilst the particle of the electrolyte moved over an exceedingly 
small one; though the air particle might be oxygen, nitrogen, or 
hydrogen, receiving its charge from force of high intensity, whiist 
the electrolytic particle of hydrogen had a natural aptness to receive 
the positive condition with extreme facility ; though the air particle 
might be charged with very little electricity at a very high intensity 
by one process, whilst the hydrogen particle might be charged with 
much electricity at a very low intensity by another process; these 
are not differences of kind, as relates to the final discharging action 
of these icles, but only of degree ; not essential differences which 
make things unlike, but such differences as give to things, similiar 


If a metallic vessel three or four inches deep, containing oil of turpentine, 
be insulated and electrified, and a rod with a ball (an inch or more in diameter) 
at the end, have the ball immersed in the fluid whilst the end is held in the 
hand, the mechanical force generated when the ball is moved to and from the 
sides of the vessel will soon be evident to the experimenter. 
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in their nature, that great variety which fits them for their office in 
the system of the universe. 

1624. So when a particle of air, or of dust in it, electrified at a 
negative point, moves on through the influence of the inductive 
forces (1572.) to the next positive surface, and after discharge passes 
away, it seems to me to represent exactly that particle of oxygen 
which, having been rendered negative in the electrolyte, is urged 
by the same disposition of inductive forces, and going to the positive 
platina electrode, is there discharged, and then passes away, as the 
air or dust did before it. 

1625. Heat is another direct effect of the current upon substances 
in which it occurs, and it becomes a very important question, as to 
the relation of the electric and heating forces, whether the latter is 
always definite in amount.* There are many cases, even amo 
bodies which conduct without change, which stand out at present 
from the assumption that it is ;t but there are also many which 
indicate that, when proper limitations are applied, the heat pro- 
duced is definite. Harris kas shown this for a given length of 
current in a metallic wire, using common electricity ;: and De la 
Rive has proved the same point for voltaic electricity by his beau- 
tiful application of Breguet’s thermometer.§ 

1626. When the production of heat is observed in electrolytes 
under decomposition, the results are still more complicated. But 
important steps have been taken in the investigation of this branch 
of the subject by De la Rive|| and others; and it is more than 
probable that, when the right limitations are applied, constant and 
definite results wil) here also be obtained. 


1627. It is a most important part of the character of the current, 
and essentially connected with its very nature, that it is always the 
same. The two forces are everywhere in it. There is never one 
current of force or one fluid only. Any one part of the current 
may, as respects the presence of the two forces there, be considered 
as precisely the same with any other part; and the numerous ex- 
periments which imply their possible separation, as well as the 
theoretical expressions which, being used daily, assume it, are, I 
think, in contradiction with facts (511, &c.). It appears to me to 
be as impossible to assume a current of positive or a current of 
negative force alone, or of the two at once with any predominance 
of one over the other, as it is to give an absolute charge to matter 
(1169. 1177.). 

1628. The conviction of this truth, if, as I think, it be a truth, 
or on the other hand the disproof of it, is of the greatest conse- 


* See De la Rive’s Researches, Bib. Universelle, 1829, xl. p. 40. 

+ Amongst others, Davy, Philosophical Transactions, 1821, p. 438. Pelle- 
tier's important results, Annales de Chimie, 1834, lvi. p. 371. and Becquerel's 
non-heating current, Bib. Universelle, 1835, lx. 218. 

t Philosophical Transactions, 1824, pp. 225. 228. 

Annales de Chimie, 1836, ixii. 177. 

Bib. Universelle, 1829, xl. 49; and Ritchie, Phil. Trans. 1832, p. 296. 
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quence. If, as a first principle, we can establish that the centres 
of the twe forces, or elements of force, never can be separated to 
any sensible distance, or at all events not further than the space 
between two contiguous particles (1615.), or if we can establish 
the contrary conclusion, how much more clear is our view of what 
lies before us, and how much less embarrassed the ground over 
which we have to pass in attaining to it, than if we remain halting 
between two opinions! And if, with that feeling, we rigidly test 
every experiment which bears upon the point, as far as our preju- 
dices will let us (1161.), instead of permitting them with a theo- 
retical expression to pass too easily away, are we not much more 
likely to attain the real truth, and from that proceed with safety to 
what is at present unknown? 

1629. I say these things not, I hope, to advance a particular view, 
but to draw the strict attention of those who are able to investigate 
and judge of the matter, to what must be a turning point in the 
theory of electricity ; to a separation of two roads, one only of which 
can be right: and I hope I may be allowed to go a little further 
into the facts which have driven me to the view I have just given. 

1630. When a wire in the voltaic circuit is heated, the tempera- 
ture frequently rises first, or most at one end. If this effect were 
due to any relation of positive or negative as respects the current, 
it would be exceedingly important. I therefore examined several 
such cases; but when, keeping the contacts of the wire and its 
position to neighbouring things unchanged, I altered the direction 
of the current, I found that the effect remained unaltered, showing 
that it depended, not upon the direction of the current, but on 
other circumstances. So there is here no evidence cf a difference 
between one part of the circuit and another. 

1631. The same point, i. e. uniformity in every part, may be 
illustrated by what may be considered as the inexhaustible nature 
of the current when producing particular effects ; for these effects 
depend upon transfer only, and do not consume the power. Thus 
a current which will heat one inch of platina wire will heat a hundred 
inches (853. note). If a current be sustained in a constant state, 
it will decompose the fluid in one voltameter only, or in twenty 
others if they be placed in the circuit, in each to an amount equal 
to that in the single one. 

1632. Again, in cases of disruptive discharge, as in the spark, 
there is frequently a dark part (1422.), which, by Professor Johnson, 
has been called the neutral point*; and this has given rise to the use 
of expressions implying that there are two electricities existing 
separately, which, passing to that spot, there combine and neutra- 
lize each othert. But ifsuch expressions are understood as correctly 
indicating that positive electricity alone is moving between the 
positive ball and that spot, and negative electricity only between 
the negative ball and that spot, then what strange conditions these 
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parts must be in; conditions, which to my mind are every way un- 
like that which really occurs! In such a case, one part of a current 
would consist of positive electricity only, and that moving in one 
direction ; another part would consist of negative electricity only, 
and that moving in the other direction; and a third part would 
consist of an accumulation of the two electricities, not moving in 
either direction, but mixing up together, and being in a relation to 
each other utterly unlike any relation which could be supposed to 
exist in the two former portions of the discharge. This does not 
seem to me to be natural. In a current, whatever form the dis- 
charge may take,or whatever part of the circuit or current is referred 
to, as much positive force as is there exerted in one direction, 80 
much negative force is there exerted in the other. If it were not 
so we should have bodies electrified not merely positive and nega- 
tive, but on occasions in a most extraordinary manner, one being 
charged with five, ten, or twenty times as much of both positive 
and negative electricity in equal quantities as another. At present, 
however, there is no known fact indicating such states. 

1633. Even in cases of convection, or carrying discharge, the 
statement that the current is everywhere the same must in effect be 
true (1627.): for how, otherwise, could the results formerly de- 
scribed occur? When currents of air constituted the mode of 
discharge between the portions of paper moistened with iodide of 
potassium or sulphate of soda (465. 469.), decomposition occurred ; 
and I have since ascertained that, whether a current of positive air 
issued from a spot, or one of negative air passed towards it, the 
effect of the evolution of iodine or of acid was the same, whilst the 
reversed currents produced alkali. So also in the magnetic experi- 
ments (307.) whether the discharge was effected by the introduc- 
tion of a wire, or the occurrence of a spark, or the passage of con- 
vective currents either one way or the other, (depending on the 
electrified state of the particles) the result was the same, being in 
all cases dependent upon the perfect current. 

1634. IIence, the section of a current compared with other sec- 
tions of the same current must be a eonstant quantity, if the actions 
exerted be of the same kind; or if of different kinds, then the forms 
under which the effects are produced are equivalent to each other, 
and experimentally convertible at pleasure. It is in sections, there- 
fore, we must look for identity of electrical force, even to the 
sections of sparks and carrying actions, as well as those of wires 
and electrolytes. 

1635. In illustration of the utility and importance of establish- 
ing-that which may be the true principle, I will refer to a few 
cases. The doctrine of unipolarity as formerly stated, and I think 
generall understood,“ is evidently inconsistent with my view of a 
current (1627.); and the latter singular phenomena of poles and 


* Erman, Annales de Chimie, 1807, lxi. p. 115. Davy's Elements, p. 168. 
Biot, Ency. Brit. Supp. iv. p. 444. Becquerel, Traite, i. p. 167. De la Rive, 
Bib. Univ. 1837, vii. 392. 
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flames described by Erman and others“ partake of the same incon- 
sistency of character. If a unipolar body could exist, i. e. one 
that could conduct the une electricity and not the other, what very 
new characters we should have a right to expect in the currents of 
single electricities passing through them, and how greatly ought 
they to differ, not only from the common current which is supposed 
to have hoth electricities travelling in opposite directions in equal 
amount at the same time, but also from each other! The facts, 
which are excellent, have, however, gradually been more correctly 
explained by Becquerel,t Andrews,{ and others; and J understand 
that Professor Ohms§ has perfected the work, in his close exami- 
nation of all the phenomena; and after showing that similar phe- 
nomena can take place with good conductors, proves that with 
soap, &c. many of the effects are the mere consequences of the 
bodies evolved by electrolytic action. | 

1636. I conclude, therefore, that the facts upon which the doctrine 
of unipolarity was founded are not adverse to that unity and indi- 
visibility of character which í have stated the current to possess, 
any more than the phenomena of the pile itself, which might well 
bear comparison with those of unipolar bodies, are opposed to it. 
Probably the effects which have been called effects of unipolarity, 
and the peculiar differences of the positive and negative surface 
when discharging into air, gases, or other dielectrics (1480. 
1525.) which have been already referred to, may have considerable 
relation to each other.|| 


1637. M. de la Rive has recently described a peculiar and remark- 
able effect of heat on a current when passing between electrodes and 
a fluid. It is, that if platina electrodes dip into acidulated water 
no change is produced in the passing current by making the positive 
electrode hotter or colder ; whereas making the negative electrode 
hotter increased the deflexion of a galvanometer affected by the 
current, from 12° to 308 and even 45°, whilst making it colder 
diminished the current in the same high proportions. 

1638. That one electrode should have this striking relation to 
heat whilst the other remained absolutely without, seem to me as 
incompatible with what I conceived to be the character of a current 
as unipolarity (1627. 1635.), and it was therefore with some anxiety 


Erman, Annales de Chimie, 1824, xxv. 278. Becquerel, Ibid. xxxvi. p. 329. 

+ Becquerel, Annales de Chimie, 1831, xlvi. p. 283. 

t Andrews, Philosophical Magazine, 1836, ix. 182. 

§ Schweigger’s Jahrbuch der Chemie, &c. 1830. Heft 8. Not understanding 
German, it is with extreme regret I confess J have not access, and cannot do 
justice, to the many most valuable papers in experimental electricity published 
in that language. I take this opportunity also of stating another circumstance 
which occasions mo great trouble, and, as I find by experience, may make me 
seemingly regardless of the labours of others :—it is a gradual loss of memory 
for some years past; and now, often when I read a memoir, I remember that I 
have seen it before, and would have rejoiced if at the right time I could have 
recollected and referred to it in the progress of my own papers.—M. F. 

|| See also Hare in Silliman’s Journal, 1833, xxiv. 246. 
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that I repeated the experiment. The electrodes which I used were 
of platina ; the electrolyte, water containing about one sixth of sul- 
phuric acid by weight: the voltaic battery consisted of two pairs of 
amalgamated zinc and platina plates in dilute sulphuric acid, and 
the galvanometer in the circuit was one with two needles, and gave 
when the arrangement was complete a deflexion of 10° or 12”. 

1639. Under these circumstances heating either electrode in- 
creased the current ; heating both produced still more effect. When 
both were heated, if either were cooled, the effect on the current 
fell in proportion. The proportion of effect due to heating this or 
that electrode varied, but on the whole heating the negative seemed 
to favour the passage of the current somewhat more than heating 
the positive. Whether the application of heat were by a flame ap- 
plied underneath, or one directed by a blow pipe from above, or by 
a hot iron or coal, the effect was the same. 

1640. Having thus removed the difficulty out of the way of my 
views regarding a current, I did not pursue this curious experiment 
further. It is probable, that the difference between my results and 
those of M. de la Rive may depend upon the relative values of the 
currents used ; for I employed only a weak one resulting from two 
pairs of plates two inches long and half an inch wide, whilst 
M. de la Rive used four pairs of plates of sixteen square inches in 
surface. 


1641. Electric discharges in the atmosphere in the form of balls 
of fire have occasionally been described. Such phenomena appear 
to me to be incompatible with all that we know of electricity and 
its modes of discharge. As time is an element in the effect (1418. 
1436.) it is possible perhaps that an electric discharge might really 
pass as a ball from place to place; but as every thing shows that 
its velocity must be almost infinite, and the time of its duration 
exceedingly small, it is impossible that the eye should perceive it 
as anything else than a line of light. That phenomena of balls of 
fire may appear in the atmosphere, I do not mean to deny ; but 
that they have ae to do with the discharge of ordinary elec- 
tricity, or are at all related to lightning or atmospheric electricity, 
is much more than doubtful. 


1642. All these considerations, and many others, help to confirm 
the conclusion, drawn over and over again, that the current is an 
indivisible thing; an axis of power, in every part of which both 
electric forces are present in equal amount“ (517. 1627.). With 
conduction and electrolyzation, and even discharge by spark, such 
a view will harmonize without hurting any of our preconceived 
notions; but as relates to convection, a more startling result 
appears, which must therefore be considered. 


* I am glad to refer here to the results obtained by Mr. Christie with mag 
neto-electricitv, Philosophical Transactions, 1833, p. 113. note. As regards the 
current in a wire, they confirm everything that I am contending for. 
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1643. If two balls A and B be electrified in opposite states and 
held within each other's influence, the moment they move towards 
each other, a current, or those effects which are understood by the 
word current, will be produced. Whether A move towards B, or 
B move in the opposite direction towards A, a current, and in both 
cases having the same direction, will result. If A and B move 
from each other, then a current in the opposite direction, or equi- 
valent effects, will be produced. 

1644. Or, as charge exists only by induction (1178. 1299.), and 
a body when electrified is necessarily in relation to other bodies in 
the opposite state; so, if a ball be electrified positively in the 
middle of a room and be then moved in any direction, effects will 
be produced, as if a current in the same direction (to use the con- 
ventional mode of expression) had existed: or, if the ball be nega- 
tively electrified, and then moved, effects as if a current in a direc- 
tion contrary to that of the motion had been formed, will be 
produced. 

1645. 1 am saying of a single particle or of two what I have be- 
fore said, in effect, of many (1633.). If the former account of 
currents be true, then that just stated must be a necessary result. 
And, though the statement may seem startling at first, it is to be 
considered that, according to my theory of induction, the charged 
conductor or particle is related to the distant conductor in the op- 
posite state, or that which terminates the extent of the induction, by 
all the intermediate particles (1165. 1295.), these becoming polar- 
ized exactly as the particles of a solid electrolyte do when interposed 
between the two electrodes. Hence the conclusion regarding the 
unity and indentity of the current in the case of convection, jointly 
with the former cases, is not so strange as it might at first appear. 


1646. There is a very remarkable phenomenon or effect of the 
electrolitic discharge, first pointed out, I believe, by Mr. Porrett, of 
the accumulation of fluid under decomposing action in the current 
on one side of an interposed diaphragm.“ lt is a mechanical result; 
and as the liquid passes from the positive towards the negative 
electrode in all the known cases, it seems to establish a relation to 
the polar condition of the dielectric in which the current exists (1164. 
1525.). It has not as yet been sufficiently investigated by experi- 
ment ; for De la Rive says,+ it requires that the water should be a 
bad conductor, as, for instance, distilled water, the effect not hap- 
pening with strong solutions; whereas, Dutrochet says: the con- 
trary is the case, and that, the effect is not directly due to the 
electric current. 

1647. Becquerel in his Traité de |’Electricité has brought to- 

r the considerations which arise for and against the opinion, 
that the effect generally is an electric effect.§. Though I have no 


Annals of Philosophy, 1816, viii. p. 75. 
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decisive fact to quote at present, I cannot refrain from venturing an 
opinion, that the effect is analogous both to combination and con- 
vection (1623.), being a case of carrying due to the relation of the 
diaphragm and the fluid in contact with it, through which the elec- 
tric discharge is jointly effected; and further, that the peculiar 
relation of positive and negative small and large surfaces already 
referred to (1482. 1503. 1525.), may be the direct cause of the fluid 
and the diaphragm travelling in contrary but determinate directions. 
A very valuable experiment has been made by M. Becquerel with 
particles of clay,” which will probably bear importantly on this 
point. 


1648. As long as the terms current and electro-dynamic are used 
to express those relations of the electric forces in which progression 
of either fluids or effects are supposed to occur (283.), so long will 
the idea of velocity be associated with them; and this will, perhaps, 
be more especially the case if the hypothesis of a fluid or fluids be 
adopted. 

1649. Hence has arisen the desire of estimating this velocity 
either directly or by some effect dependent on it ; and amongst the 
endeavours to do this correctly, may be mentioned especially those 
of Dr. Watsont in 1748, and of Professor Wheatstonet in 1834; 
the electricity in the early trials being supposed to travel from end 
to end of the arrangement, but in the latter investigations a dis- 
tinction occasionally appearing to be made between the transmission 
of the effect and of the supposed fluid by the motion of whose par- 
ticles that effect is produced. l 

1650. Electrolytic action has a remarkable bearing upon this 
question of the veloeity of the current, especially as connected with 
the theory of an electric fluid or fluids. In it there is an evident 
transfer of power with the transfer of each particle of the anion or 
cathion present, to the next particles of the cathion or anion ; 
as the amount of power is definite, we have in this way a means of 
localizing as it were the force, identifying it by the particle and 
dealing it out in successive portions, which leads, I think, to very 
striking results. 

1651. Suppose, for instance, that water is undergoing decompo- 
sition by the powers of a voltaic battery. Each particle of hydro- 
gen as it moves one way, or of oxygen as it moves in the other 
direction, will transfer a certain amount of electrical force associated 
with it in the form of chemical affinity (822. 852. 918.) onwards 
through a distance, which is equal to that through which the par- 
ticle itself has moved. This transfer will be accompanied by a 
corresponding movement in the electrical forces throughout every 
part of the circuit formed (1627. 1634.), and its effects may be 
estimated, as, for instance, by the heating of a wire (852.) at any 
particular section of the current however distant. If the water be 


* Traite de )’Electricite, i. p. 285. + Philosophical Transactions, 1748. 
t Ibid. 1834, p. 583, 
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a cube of an inch in the side, the electrodes touching, each by a 
surtace of one square inch, and being an inch apart, then, by the 
time that a tenth of it, or 25°25 grains, is decomposed, the particles 
of oxygen and hydrogen throughout the mass may be considered 
as having moved relatively to each other in opposite directions, to 
the amount of the tenth of an inch ; i. e. that two particles at first 
in combination will after the motion be the tenth of an inch apart. 
Other motions which occur in the fluid will not at all interfere with 
this result ; for they have no power of accelerating or retarding the 
electric discharge, and possess in fact no relation to it. 

1652. The quantity of electricity in 25°25 grains of water is, 
according to an estimate of the force which I formerly made 
(861.), equal to above 24 millions of charges of a large Leyden 
battery ; or it would have kept any length of a piatina wire 1-104 
of an inch in diameter red hot for an hour and a half (853.). This 
result, though given only as an approximation, I have seen no 
reason as yet to alter, and it is confirmed generally by the experi- 
ments and results of M. Pouillet.* According to Mr. Wheatstone’s 
experiments the influence or effects of the current would appear at 
a distance of 576,000 miles in a second.t We have, therefore, in 
this view of the matter, on the one hand, an enormous quantity of 
power equal to a most destructive thunder storm appearing in- 
stantly at the distance of 576,000 miles from its source, and on the 
other, a quiet effect, in producing which the power had taken an 
hour and a half to travel through the tenth of an inch: yet these 
are the equivalents to each other, being effects observed at the sec- 
tions of one and the same current (1634.). 

1653. It is time that I should call attention to the lateral or trans- 
verse forces of the current. The great things which have been 
achieved by Oersted, Arago, Ampere, Davy, De la Rive, and others, 
and the high degree of simplification which has been introduced 
into their arrangement by the theory of Ampere, have not only 
done their full service in advancing most rapidly this branch of 
knowledge, but have secured to it such attention thatyheir is no 
necessity for urging on its pursuit. I refer of course tò magnetic 
action and its relations; but though this is the only recognised 
lateral action of the current, there is great reason for believing that 
others exist and would by their discovery reward a close search 
for them (951.). 

1654. The magnetic or transverse action of the current seems 
to bein a most extraordinary degree independent of those varja- 
tions, or modes of action which it presents directly in its course; 
it consequently is of the more value to us, as it gives us a higher 
relation of the power than any that might have varied with each 
mode of discharge. This discharge, whether it be by conduction 
through a wire with infinite velocity (1652), or by electrolyzation 
with’ its corresponding and exceeding slow motion (1651.), or by 
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spark, and probably even by convection, produces a transverse 
magnetic action always the same in kind and direction. 

1655. It has been shown by several experimenters, that whilst 
the discharge is of the same kind the amount of lateral or magnetic 
force is very constant (366. 367. 368. 376.). But when we wish 
to compare discharge of different kinds, for the important purpose 
of ascertaining whether the same amount of current will in its dif- 


„ferent forms produce the same amount of transverse action, we find 


the data very imperfect. Davy noticed, that when the electric cur- 
rent was passing through an aqueous solution it affected a magnetic 
needle*, and Dr. Ritchie says, that the current in the electrolyte is 
as magnetic as that in a metallic wire+, and has made water revolve 
round a magnet as a wire carrying the current would revolve. 

1656. Disruptive discharge produces its magnetic effects: a 
strong spark, pasced transversely to a steele needle, will magnetise 
it as well as if the electricity of the spark were conducted by a 
metallic wire occupying the line of discharge; and Sir H. Davy 
has shown that the discharge of a voltaic battery in vacuo is affected 
and has motion given to it by approximated magnetst. 

1657. Thus the three very different modes of discharge, namely, 
conduction, electrolyzation, and disruptive discharge, agree in pro- 
ducing the important transverse phenomenon of magnetism. Whe- 
ther convection or carrying discharge will produce the same 
phenomenon has not been determined, and the few experiments I 
have as yet had time to make do not enable me to answer in the 
affirmative. 


1658. Having arrived at this point in the consideration of the 
current and in the endeavour to apply its phenomena as tests of the 
truth or fallacy of the theory of induction which I have ventured 
to set forth, I am now very much tempted to indulge ina few 
speculations respecting its lateral action and its possible connection 
with the transverse condition of the lines of ordinary induction 
(1165. 1304.). Ihave long sought and still seek for an effect or con- 
dition which shall be to statical electricity what magnetic force is to 
current electricity ; for as the lines of discharge are associated with a 
certain transverse effect, so it appeared to me impossible but that the 
lines of tension or of inductive action, which of necessity precede 
that discharge, should also have their correspondent transverse con- 
dition or effect (951.). 

1659. According to the beautiful theory of Ampere, the trans- 
verse force of a current may be represented by its attraction for a 
similar current and its repulsion of a contrary current. May not 
then the equivalent transverse force of static electricity be repre- 
sented by that lateral tension or repulsion which the lines of induc- 
tive action appear to possess (1304.)? Then again, when current 


* Philosophical Transactions, 1821, p. 426. 
+ Ibid. 1832, p. 294. 
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or discharge occurs between two bodies, previously under indue- 
trical relations to each other, the lines of inductive force will weaken 
and fade away, and, as their lateral repulsive tension diminishes, 
will contract, and ultimately disappear in the line of discharge. 
May not this be an effect identical with the attractions of similar 
currents? i. e. may not the passage of static electricity into eurrent 
electricity, and that of the lateral tension of the lines of inductive 
force into the lateral attraction of lines of similar discharge, have 
the same relation and dependencies, and run parallel to each other? 

1660. The phenomena of induction amongst currents which I 

had the good fortune to discover some years ago (6. &c. 1048.)may 
perchance here form a connecting link in the series of effects. 
When a current is first formed, it tends to produce a current in the 
contrary direction in all the matter around it; and if that matter 
have conducting properties and be fitly circumstanced, such a cur- 
rent is produced. Qn the contrary, when the original current is 
stopped, one in the same direction tends to form all around it, and, 
in conducting matter properly arranged, will be excited. 
‘ 1661. Now though we perceive the effects only in that portion of 
matter which, being in the neighbourhood, has conducting properties, 
yet hypothetically it is probable, that the non-conducting matter 
has also its relations to, and is affected by, the disturbing cause, 
though we have not yet discovered them. Again and again the 
relation of conductors and non-conductors has been shawn to be one 
not of opposition in kind, but only of degree (1334. 1603.), and, 
therefore, for this, as well as for other reasons, it is probable, that 
what will affect a conductor will affect an insulator also; producing 
perhaps what may deserve the term of the electrotonic state (60. 
242. 1114.). 

1662. It is the feeling of the necessity of some lateral connexion 
between the lines of electric force (1114.) ; of some link in the chain 
of effects as yet unrecognised, that urges me to the expression of 
these speculations. The same feeling has led me to make many 
experiments on the introduction of insulating dielectrics having dif- 
ferent inductive capacities (1270. 1277.) between magnetic poles 
und wires carrying currents, so as to pass across the lines of magnetic 
force. I have employed such bodies both at rest and in motion, 
without, as yet, being able to detect any influence produced by them; 
but I do by no means consider the experiments as sufficiently deli- 
cate, and intend, very shortly, to render them more decisive. 

1663. I think the hypothetical question may at present be put 
thus: can such considerations as those already generally expressed 
( 1658.) account for the transverse effects of electrical currents ? are 
two such currents in relation to each other merely by the inductive 
condition of the particles of matter between them, or are they in 
relation by some higher quality and condition (1654.), which, 
acting at a distance and not by the intermediate particles, has, like 
the force of gravity, no relation to them ? 

1664. If the latter be the case, then, when electricity is acting 
upon and in matter, its direct and its transverse action are essentially 
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different in their nature ; for the former, if I am correct, will depend 
upon the contiguous particles, and the latter will not. As I have 
said before, this may be so, and I incline to that view at present, 
but I am desirous of suggesting considerations why it may not, that 
the question may be thoroughly sifted. 

1665. The transverse power has a character of polarity impressed 
upon it. In the simplest forms it appears as attraction or repulsion, 
according as the currents are in the same or different directions : in 
the current and the magnet it takes up the condition of tangential 
forces ; and in magnets and their particles produces poles. Since 
the experiments have been made which have persuaded me that the 

lar forces of electricity, as in induction and electrolytic action 
(1298. 1243.), show effects at a distance only by means of the polar- 
ized contiguous and intervening particles, I have been led to expect 
that all polar forces act in the same general manner; and the other 
kinds of phenomena which one can bring to bear upon the subject 
seem fitted to strengthen that expectation. Thus in crystallizations 
the effect is transmitted from particle to particle ; and in this manner, 
in acetic acid or freezing water a crystal a few inches or even & 
couple of feet in length will form in less than a second, but progres- 
sively and by a transmission of power from particle to particle. 
And, as far as I remember, no case of polar action, or partaking of 
polar action, except the one under discussion, can be found which 
does not act by contiguous particles.“ It is apparently of the nature 
of polar forces that such should be the case, for the one force either 
finds or developes the contrary force near to it, and has, therefore, 
no occasion to seek for it at a distance. 

1666. But leaving these hypothetical notions respecting the nature 
of the lateral action out of sight, and returning to the direct effects, 
I think that the phenomena examined and reasoning employed in 
this and the two preceding papers tend to confirm the view first 
taken (1164), namely, that ordinary inductive action and the effects 
dependent upon it, are due to an action of the contiguous particles 
of the dielectric interposed between the charged surfaces or parts 
which constitute, as it were, the terminations of the effect. The 
great point of distinction and power (if it have any) in the theory 
is, the making the dielectric of essential and specific importance, 
instead of leaving it as it were a mere accidental circumstance or 
the simple representative of space, having no more influence over 
the phenomena than the space occupied by it. I have still certain 
other results and views respecting the nature of the electrical forces 
and excitation, which are connected with the present theory ; and, 
unless upon further consideration they sink in my estimation, I 
shall very shortly put them into form as another series of these 
electrical researches. 


Royal Institution, Feb. 4, 1838. 


* I mean by contiguous particles those which are next to each other, not that 
there is no space between them. (See 1616.) 
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XLVIII.— Professor Wheatstone’s Electro- Magnetic Telegraph. 


Examination of Professor Wheatstone, and Charles Alexander Saun- 
ders, Esq., Secretary to the Great Western Railway, hy the 
PARLIAMENTARY ComMMITTEE ON RalLways. 


Proresson WHEATSTONE EXAMINED. 


Mr. Loch.— You have turned your attention for some time to the 
means of communicating intelligence by means of wires, by elec- 
tricity? I have. 

You have tried experiments to that effect to a considerable extent, 
have you not? I have been engaged in this enquiry for some years 
past, and in conjunction with a gentleman, Mr. Cooke, who has 
turned his attention to the same subject, I have within that time 
taken out several patents for the means of effecting this object, and 
the experiments have since been carried to a considerable extent on 
the Great Western Railway. 

It is the continuity of property a railway possesses between two 
extreme points, which enabled you to try it more effectually ? A 
railway offers considerable facilities; but the only necessary condi- 
tion is, that a communication must be formed between two distant 
places by metallic wires. 

Therefore a railway, affording the opportunity by means of con- 
tinuous property between these two extreme points, enables the 
experiment to be tried better on a railway than where there is a 
variety of distinct properties intervening’ A railway offers greater 
facilities, because greater attention can be paid to it. 

Will you have the goodness to describe to the committee the 
mode in which you propose to communicate intelligence between 
two distant points, as alluded to by you? I have here a copy of 
the drawing of the specification to the first patent taken out by my- 
self and Mr. Cooke ; in all essential particulars the instrument here 
represented resembles the one at the Great Western Railway. Here 
is what may be called a-dial (fig. A), with five vertical magnetic 
needles. Upon this dial 20 letters of the alphabet are marked, and 
the various letters are indicated by the mutual convergence of two 
needles when they are caused to move; if the first needle turns to 
the right, and the second to the left, H is indicated. If the first 
needle deviates to the right, and the fourth to the left, then B is in- 
dicated ; if the same needles converge downwards, then V is pointed 
to. These magnetic needles are acted upon by electrical currents, 
passing through coils of wire placed immediately behind them; 

re is the representation of one of those coils, with the position of 
the magnetic needle with respect to it (fig. G.). Each of the coils 
forms a portion of a communicating wire, which may extend to any 
distance whatever; these wires, at their termination, are connected 
with an apparatus, which may be aT a communicator (fig. H.), 
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because by means of it the signals are communicated ; it consists of 
five longitudinal and two transverse metal bars, fixed in a wooden 
frame; the latter are united to the two poles of a voltaic battery, 
and, in the ordinary condition of the instrument, have no metallic 
communication with the longitudinal bars, which are each immedi- 
ately connected with a different wire of the lme; on each of these 
longitudinal bars two stops are placed, forming together two parallel 
rows. When astop of the upper row is pressed down, the bar upon 
which it is placed forms a metallic communication with the trans- 
verse bar below it, which is connected with one of the poles of the 
battery; and when one of the stops of the lower row is touched, 
another of the longtitudinal bars forms a metallic communication 
with the other pole of the voltaic battery, and the current flows 
through the two wires connected with the longitudinal bars, to 
whatever distance they may be extended, passing up one and down 
the other, provided they be connected together at their opposite ex- 
tremities, and affecting magnetic needles placed before the coils 
which are interposed in the circuit. 

Both of these are at the London end? Yes, both the communi- 
cator and the dial. 

At each end there is that apparatus? Yes; there must be a 
similar complete apparatus at every different station. 

Lord Granville Fomerset.—- This telegraph now extends from 
London to Drayton? Yes. 

Is not there a power at each station of communicating and being 
communicated to from every other station along the whole line? 
There is. 

Chairman.—!]s there this apparatus at every station? There may 
be one at each station if thought proper. 

Putting up these at the intermediate stations does not injure it at 
the ends? No, it will only require a slight addition to the number 
of elements of the voltaic battery iu proportion to the number of in- 
termediate stations. 

Lord Granville Somerset. — How do you provide for the case of 
parties at different stations wishing to communicate at the same mo- 
ment? They cannot do so in the same line; the one party must 
not work his telegraph if he sees it transmitting signals from another 
station. 

Then, before he begins working, he must observe that there is no 
working at another part of the line? He will know that by his on 
instrument, for all are at work at the same moment. 

Suppose a party wishes to telegraph from Drayton to London at 
the same moment that a party at Hanwell wishes to telegraph to 
London, will the telegtaph ok the person at Drayton interfere with 
tle telegraph of the person at Hanwell? Two distinct messages 
cannot be sent through the same line at the same time from different 
stations. 7 

Suppose the parties go unconsciously but simultaneously to the 
telegraph at the same moment? They could not go unconsciously, 
because they would see that the apparatus was working. 


Professor Wheatstone’s Electro- Magnetic Telegraph. 339 


Therefore they must wait till that working has ceased before 
they begin to send up their own message? Yes. 

Mr. Loch.—Suppose there is a message intended for the extreme 
end, would the persons at each of those stations be made acquainted 
with the message intended for the extreme end? Ifthe sume tele- 
graphic dictionary, or if the ordinary alphabetic spelling be employ- 
ed at all the stations, every person on the watch would know what 
was going on; but if communication by cypher be adopted, a dif- 
ferent one may be used at each station. 

Lord Granville Somerset.—Suppose at the Drayton station there 
is an intimation desired to be given of the necessity of sending 
down an engine, will the partiés at the other stations, be aware of 
that message being sent up? If there is only one line laid down, 
they would; at present the line consists of six wires, and one tele- 
graph only is worked by their means. 

Will the parties at each station know what is communicated from 
one point to another? Yes; unless the communication is sent in 
cypher. 

Suppose it is sent in the ordinary way, without cypher or in- 
tended concealment, would it be known along the line? Yes, it 
might be read at all the stations simultaneously. 

They are worked all the way along? Yes. There is another 
very essential part of the apparatus I wish to mention, which is, 
the means we have of ringing a bell before the communication 
begins, in order to call the attention of the observer; these draw- 
ings represent the mode first adopted, but other constructions are 
now in use. ‘The general principle of the alarum here represented 
is this: to the detent of an alarum, on the ordinary construction of 
a clock alarum, a piece of soft iron is fixed, and opposite to it there 
is a bar of soft iron bent to the form of a horse-shoe ; round this 
bent bar, wire, covered with silk, is wound, forming numerous coils ; 
it is a property of soft iron to become powerfully magnetic when an 
electric current passes through a coil thus surrounding it. When 
the horse-shoe bar thus becomes magnetic, it therefore attracts the 
detent, and the bell immediately rings; when the current ceases 
the magnetic power ceases also, and the bell discontinues to ring. 
There are several other contrivances made to effect this purpose. 
Some arrangements are here represented to which Mr. Cooke has 
particularly @rected his attention; they relate to the means of es- 
tablishing communications at intermediate parts of the line where 
no fixed stations exist. To effect this, posts are placed at every 
quarter of a mile along the line, for the purpose of establishing a 
temporary communication with either of the adjacent stations ; the 
guard of a train may thus carry with him a portable instrument, by 
means of which he can send up a message to a station either way, 
whenever it may be required. This is a representation of the mode 
by which this purpose is effected ; bere is one of the quarter of a 
mile posts: the wires are carried up through it, and there is, on the 
top of it, an apparatus to which the portable telegraph may be tem- 
porarily fixed, and by means of which a message may be sent in 
either direction of the line at pleasure. 
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Mr. Loch.—How are those wires kept insulated in the tubes? 
First, the wires are insulated from each other by a mixture of 
cotton and india rubber, which is a very good insulating material ; 
then, these prepared wires are all passed, with certain precautions, 
through an iron tube, which in some parts of the line is buried 
beneath the ground, and in other parts of the line is raised above it. 

That mixture of cotton and india-rubber cuts off all communi- 
cation between the wire and the tube )— Ves, and between the 
separate wires; it is a sufficient non-conductor. 

Chairman.—You say, a guard may communicate by means of 
one of these posts put up, with any station? With the stations 
either way. 

Ee must carry a portable apparatus? Yes. 

That must be the nature of the keys, must it not? The tele- 
graphic apparatus necessarily consists of two parts, the communi- 
cating keys and the dial on which the indicated characters are seen; 
that which the guard carries must contain both these parts here; 
the keys and the dial are in the same apparatus. 

Lord Granville Somerset.—Suppose the Great Western Railway 
were completed between London and Bristol, do you contemplate 
the possibility of carrying your telegraph through the whole way, 
so as to signify from London to Bristol anything you wish to com- 
municate, and vice versd from Bristol to London? The experiment 
has not been tried, but I have every reason to believe that it can 
be done. 

You must multiply your power considerably in that case ; but if 
you can multiply your power sufficiently, there is no difficulty, in 
your opinion, in performing that? One very important circum- 
stance I have ascertained is the little power requisite to produce 
this effect ; it was formerly thought that to send a current to any 
considerable extent, very strong batteries must be employed, but 
in fact a very weak battery is sufficient, provided only it consists of 
a number of elements proportionate to the distance. 

Do you see any practical difficulty in proportioning the number 
of your batteries to that extent, of 100, or 120 miles? I think 
there is none. | 

So far as your experiments have gone, you think you should be 
able to effect this telegraphic communication between Bristol and 
London? Yes; possibly several stations may be regpired, but, at 
any rate, the stations may be at far greater distances from each 
other than would be required for any ordinary system of tele- 
graphs ; my opinion is, that the intermediate stations will not be 
required. 

You think you may communicate to the Reading station, the 
Reading station to another in the direction of Bristol, and that to 
Bristol? Yes; this means would be adopted if it should be found 
impracticable to effect an immediate communication between the 
two extreme stations. 

Mr. French.—Have you any doubt you could do it with one 
intermediate station, dividing the distance? The experiment has 


Professor Wheatstone's Electro-Magnetic Telegraph. 841 


not been tried ; if perfect insulation of the wires can be obtained, 
there will be no difficulty ; theoretically there is no difficulty, but 
we might meet with practical obstacles in so leng a line. 

Lord Granville Somerset.—How long has this lire been laid 
down upon the Great Western? I think it was finished in July 
last. (1839.) 

Do you think vou have had experierce enough during the last 
winter to ascertain that it will not fail you in consequence of any 
inclemency of weather, or circumstances of that nature? If the 
wires are properly protected, I think there is no fear whatever. 

Do you conceive they can be so protected, that weather will 
have no effect upon them? Yes, that is my judgment, fro mex- 
periment. 

Mr. Loch.—Is there any appreciable loss of time in making a 
communication from the Paddington station to the extremity of the 
line to which the telegraph is now carried? From some experi- 
ments I made some years ago, published in the Philosophical Tran- 
sactions, when I first turned my attention to the possibility of 
effecting telegraphic communications, I ascertained that electricity 
travelled through a copper wire at the rate of about 200,00 miles 
in a second ; consequently there is no appreciable time lost in the 
communication of the electrical effect; the only time that would 
be lost would be at relay stations, if they were necessary. 

Mr. Freshfield.— Suppose you want to communicate from London 
to Bristol, how do you signify that your intention is to communi- 
cate with Bristol and not with Drayton? There would be a 
separate signal appropriated to euch station, which would be made 
before the communication hegins, immediately after the alarum has 
been rung. 

Mr. Loch.—What is the rate at which light travels? 192,000 
miles in a second. 

What you described in the first instance is the mode of asking 
the question ; how is the message received? The person who is 
attending reads the message from the dial. 

Chairman.—Have the applications you have had from foreign 
countries to put up this means of communication been in connection 
with railways, or separate from railways? All in connection with 
railways. 

Is it of any consequence that it should be on a railway, or doesa 
railway offer any advantage in that respect? Not the slightest ad- 
vantage with regard to laying down the Jine, but a great one with 
respect to its protection from injury. 

Sir John Guest.—Have you tried to pass the line through water ; 
There would be no difficulty in doing so, but the experiment has 
not yet been made. 

Chairman.—Could you communicate from Dover to Calais in 
that way? I think it perfectly practicable. 

Have you any further observations to make? An electrical tele- 
graph offers a great many advantages over an ordinary telegraph ; 
it will work day and night, but an ordinary telegraph will act only 
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during day; it will also work in all states of weather, an ord- 
nary telegraph can only work in fine weather. There are a great 
number of days in the year in which no communication can be given 
by an ordinary telegraph, and, besides, a great many communica- 
tions are stopped before they can be finished, on account of changes 
in the state of the atmosphere. No incunveniences of this kind 
would attend the electrical telegraph. Another advantage is, that 
the expense of the separate stations is by no means comparable to 
that of the ordinary telegraph ; no look-out-men are required, and 
the apparatus may be worked in any room where there are persons 
to attend to it. There is another advantage the electric possesses 
over the ordinary telegraph. viz. the rapidity with which the signals 
may be made to follow each other. Thirty signals may be conve- 
niently made in a minute; that number cannot be made by the 
ordinary telegraph. There is one thing I will take the opportunity 
to mention: I have been confining the attention of the committee 
to the telegraph now working on the Great Western Railroad, but 
having lately occupied myself in carrying into effect numerous im- 
provements which have suggested themselves to me, I have, 
conjointly with Mr. Cooke, who has turned his attention greatly to 
the same subject, obtained a new patent for a telegraphic arrange- 
ment, which 1 think will present very great advantages over that 
which at present exists. It can be applied without entailing any 
additional expense of consequence to the line now laid down; it 
will only be necessary to substitute the new for the former instru- 
ments. This new apparatus requires only a single pair of wires to 
effect all which the present one does with five, so that three inde- 
pendent telegraphs may be immediately placed on the line of the 
Great Western ; it presents in the same place all the letters of the 
atphabet according to any order of succession, and the apparatus is 
so extremely simple, that any person without any previous acquaint- 
ance with it can send a communication and read the answer. This 
apparatus I shall be happy to show the committee in action at 
King’s College. 

Sir John Guest.—Does not the possibility of cutting off the 
communication between one point and another, occur to you? The 
same objection may be made with regard to railroads themselves. 

Suppoce any person were to stop the communication from one 
town to another? By destroying the continuity of the rails they 
might stop the passage of the trains. 

he common telegraphic communication could be kept up not- 
withstanding that? Certainly. : 

Chairman.—Can you state the expense which would be incurred 
in laying it down? I am hardly prepared to state that, because 
only one line has been laid down at present. 

Mr. Loch.—Would it be your view ultimately, supposing the 
railway completed to Bristol, that there should be one line to tele- 
graph to and another from Bristol? No; the same line will serve 
both purposes. 

There will be no inconvenience in practice in making use of the 
same line? No. 
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Mr. H. Baring.— This sort of telegraph is not in operation on any 
other railroad? The Blackwell Company shortly intend to have it. 


CHARLES ALEXANDER SAUNDERS, ESQ., CALLED IN AND =XAMINED. 


Lord Granville Somerset.— As secretary of the Great Western 
Railroad Company, can you state to the committee whether they 
have adopted Mr. Wheatstone’s magnetic telegraph? As far as 
West Drayton, 13 miles. 

How long has it been adopted? It was finished in July last; it 
has been in operation about seven or eight months. 

Was that laid down at the expense of the railroad? It was laid 
down under an agreement with Mr. Cooke, who is one of the 
patentees. 

Was it on behalf of Mr. Wheatstone also? It was under agree- 
ment with Mr. Cooke, Mr. Cooke being the co-patentee. 

Does that agreement extend to any length of time, or has this been 
only an experiment? ‘I'he agreement contemplated the further ex- 
tension of it, if the Company required it within a certain period of 
time, after the completion of the first 13 miles. 

In fact the Company have laid down this magnetic telegraph at 
their own expense, under a specific agreement with Mr. Cooke, the 
Company taking the expense on the one hand and deriving any 
benefit they may derive on the other? Yes, just so. 

That agreement is determinable at a certain period? It is. 

Is it renewable at the option of either party? No; I think it is 
absolutely determinable, not renewable. 

Have you any objection to state the term of years? I have no 
objection to state the substance of the agreement, but it is very long 
and very intricate ; the material substance of it is this: that within 
a certain number of months after the telegraph shall have been laid 
and efficiently worked between Paddington and Drayton, the com- 
pany might call upon the patentees to give them a license for the 
whole line, on certain terms; there are a variety of further con- 
siderations involved in the agreement, which it would be very 
difficult to relate. 

Is this agreement binding upon the patentees, so as to enable the 
Great Western Company to execute this telegraph all the way from 
Bristol to London, for a certain number of years? It was binding 
upon them, but the time has now expired. 

A new arrangement must be made before any permanent agree- 
ment is effected? Yes, neither party is now bound by that 
agreement. 

Have all the advantages which were anticipated from this tele- 
graph accrued? I think we have scarcely had it in a state to say 
that we have derived all the advantages which were contemplated 
from it, because we have, between West Drayton and Paddington, 
very little inducement to work the telegraph separately for that 
part; it had much more reference to the more distant stations, and 
the communications of our line with others, or to communications 
between places on the line where short and long trains together are 
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running upon the same portion of railroad. As yet we have had no 
practical benefit of that description, but it has enabled us to ascertain 
that the telegraph perfectly performs all the duty that was expected of 
it; as far as it goes, it works perfectly true. 

Provided it shall work as well when your line is completed, do you 
anticipate all those useful results that were anticipated before it was laid 
down? I do, indeed. 

That is your opiaion, after your experience of eight or nine months 
on 13 miles? Yes. 

In general terms, is it a very expensive thing to lay down this mag- 
netic telegraph? It is expensive, but that is a question of degree: I 
have no objection to state the expense incurred ; I believe it may be 
laid at from £250. to £300. a mile, including the charge for station 
instruments. 

In the discussions which have taken place, of which you may have 
been cognizant, upon the subject of railroad telegraphs, have the 
directors contemplated the conveyauce of ordinary articles of intelli- 
gence between Bristol and London? I think that view was entertained 
by the company when they orginally tried it; the object would be to 
facilitate all means of communication. 

Do yon consider that that would be the only means by which the 
company would be remunerated for the outlay? I think the usefulness 
of it to the railway itself is the chief remuneration ; it is calculated un- 
doubtedly to simplify the working of the railway, and to diminish the 
stock of every description, whether of engines or of carriages; to insure 
greater punctuality, and, in cases of accident, to repair the injury with 
the least delay, as well as to produce general advantages and greater 
security in working the railway. 3 

You think you might have a less establishment, and less stock, in 
consequence of having this magnetic telegraph, than you otherwise 
would be obliged to keep up to conduct the line? Undoubtedly. 

And that in that way the company would be remunerated? I think 
that would be a mode of remuneration; I do not say to what extent it 
would operate, as compared with the expense of the telegraph itself. 

In addition to the remuneration thus derived, do you conceive it will 
be an effectual mode of assisting in case of accident to passengers? 
Certainly, it would be so. 

And in some instances of preventing accidents? Yes; if a line 
were at any place stopped up, and a communication could be made by 
telegraph, it would prevent the danger of collision from a subsequent 
train running up to the place of danyer. 

Mr. Wheatstone has stated that it is intended that a guard should 
have a portable telegraph, capable of operating at the distance of every 
quarter of a mile? Yes, that is a plan proposed; it has not been 
carried into effect on our line at present; there are places to which the 
portable telegraphs may be applied, but the men have not been instruc- 
ted in it yet. 

Supposing that idea were carried out, wonld it not be the cause of 
great safety in case of sudden emergencies, or fear of accidents? Yes; 
I have no doubt security against accidents would result, and more 
prompt assistance in case of accident. 
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Suppose an engine unexpectedly became unfit for service, have 
you not, in the course of the last few months, occasionally sent to 
another station for another engine, by means of the telegraph ? 
Yes, we have, on one or two occasions within a few months; we 
worked the telegraph for nearly two months, so as to communicate 
to Paddington the moment of the passing of the train at West 
Drayton and Hanwell; that was done for the purpose of trying 
whether the telegraph would constantly work, and wnether we 
could rely upon it, and it answered the purpose, certainly, 
admirably. 

Do you contemplate continuing that constant use of it? No, we 
do not work it in that way; but it is used in any emergency; they 
can transmit any intelligence between West Drayton and Padding- 
ton, which it may be material to receive. 

If parties will want horses when they come to the Paddington 
station, you are in the habit of sending on intelligence of that? 
Yes, we are; I think the chief use of the telegraph, what I con- 
sider the chief advantage of it, would be upon the junction of two 
lines, where they are to be worked by the engines of one line ; for 
instance, upon the line from Bristol to London, at the junction of 
the Cheltenham Railway, it would be a very great facility indeed 
if it could be ascertained at the moment at which the train comes up 
from Bristol which is to receive the Cheltenham traffic, that the 
Cheltenham train is on its progress, and either within five minutes 
or not within five minutes of the place; by that means there would 
be no useless delay to either train, and in the same manner the 
down train coming up would be able to send previous intelligence 
from a station, by which the engine from the Cheltenham train 
would be ready at any time to take the train on without any loss 
of time. 

It would also, in case of any want of exactness in the arrival of 
a train, prevent collision, would it not? It would, and it would 
reduce the expense of working the line ; the superintendent might 
be enabled, in many cases, by delaying the train only a few minutes, 
to save the expense of a second engine being sent for a long distance. 

In case of any severe fogs in any particular district, would it not 
be a great advantage that the trains coming into that district should 
be made aware of that circumstance? Yes, I think in the case of 
our working short trains, which we shall probably do from Slough 
to London, independently of the Bristol trains, it would be very 
important for us to know at Paddington when a train is approach-. 
ing, whether it be a Slough or a Bristol train, and for those at 
Slough to know that the long train is coming up, and is within a. 
certain distance, or not within a certain distance, that they may pre- 
pare accordingly, whether to send on that train from Slough to 
London, or delay it for a short time. 

Suppose you wish to send an extra train from one point of your 
line to er, without any means of communication, there must 
be always a certain degree of danger either of running into another 
train, or meeting another train? = we are always obliged 
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to allow a certain interval to elapse before another train is 
sent. 

That is not always a certain means of preventing collision, is it? 
No, it is not. 

By means of this telegraph, could not you guard against the 
danger of accident in that respect? Undoubtedly, it would tend 
to security in those cases. 

Mr. Loch.—Would not the possession of such a means of con- 
veyance, after the telegraph is completed as far as Bristol, give the 
possessor of the telegraph a great advantage in a commercial point 
of view over the rest of the public? It might do so, if they should 
choose so to avail themselves of their property. 

Has it ever occurred to you what remedy the public might have 
under those circumstances’ I do not see how they possibly could 
have any remedy at all; I do not see why they ought to have any 
remedy. 

W ould it be unfair, under those circumstances, that the Railway 
Capang should give facilities to other parties to erect other tele- 
graphs along their lines, paying the company for such facilities? I 
think the company would not object to other parties having a facility 
if they were sufficiently paid for it; but I cannot conceive if a party 
possesses property, why he should refuse to make it useful to 
himself, or why he should be called upon to make it as useful to 
another as to himself. 

Take the railway to Portsmouth, would it be at all a matter that 
would be indifferent to the country, that the directors of that rail- 
road should have the means of communicating by means of theit 

telegraph with London, while the Government is deprived of all 
communication between the principal naval station and the capital 
in the same manner? I think the case cannot arise; Government 
will have the power of course, if they choose to pay for it, of put- 
ting a telegraph of their own between Portsmouth and London; 
ad there is no telegraph which could exist, whether on the South- 
ampton or any other railway company possessing which would pre- 
vent the Government having the use of it, ifthey choose to pay 
for it, Government might have one, of course, if they would go to 
the expense of making it. 

What expense do you refer to? The expense of buying land and 
putting it down. 

Would it not bea much more ready way to give the Government 
the power to lay down the telegraph on the railway itself? Pay- 
ing for it, I do not see the slightest objection to it. 

Lord Granville Somerset.—Suppose a restriction of the advan- 
tages of the railway company to that which may be called their own 

uliar business, and not allowing it to transmit other intelli- 
gence ? It strikes me that that would be a prohibition to the com- 
pany laying it down at all. 

Mr. Loch.— You think if this rule were laid down, that all the 
intelligence of those who telegraph should be made public with the 
exception of that on their own affairs, that would operate as a pro- 
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hibition to their laying it down at all? I scarcely know as to any 
rule of its being made public ; I am answering these questions very 
much in the dark, but it strikes me that saying “ You may lay it 
down, but you shall not use it except in a particular way,” would 
amount to a prohibition. 

Mr. Green.—Do ycu see any objection to compelling the com- 
pany to allow persons to send any information they please by means 
of your telegraph? I see none at all, under particular arrange- 
ments, inasmuch as I think that is what they would do as a matter 
of course ; but then it must be subject to certain regulations of the 
company ; they could not consent to its being taken out of their 
hands, when they are using it, and given to another; of course the 
transmission of general intelligence would be one source of income 
derived from it. à 

Mr. Loch.—How would this operate upon the construction of a 
telegraph of this sort, if the government were to have the power, 
paying for it, to be enabled to lay down a telegraph of their on; 
would that operate with the directors in preventing their laying 
down one of their own? I think not at all; I cannot conceive 
that it would be their wish to prevent government possessing one. 
I think if an expenditure shall have been incurred by any company 
in laying down one under the expectation that they will derive the 
benefit of it, whether in transmitting railway information or general 
information, being properly paid for it, if they should be obliged 
to permit another company to lay down another telegraph on their 
line, that would be a great hardship ; but I am sure they would do 
everything they could to facilitate the views of government. 

Lord Granville Somerset.—Supposing the government were to 
lay down a magnetic telegraph from London to Bristol, and sup- 
posing that any parties were allowed, under certain regulations, to 
communicate by that telegraph, would you see any objection to 
that? I expressly reserved that it should be used for government 
purposes only. It never could answer to lay down two telegraphs ; 
it would be a great hardship to make the possessor of the soil give 
up his right to enable some other party to compete with him. 

Mr. Loch.—Confining it to government purposes, you see no ob- 
jection to allowing the government to lay an electrical telegraph? 
None whatever; at the same time I should state that it is a subject 
I have not much thought of or considered, and therefore I fear my 
opinion its worth nothing. 

Chairman.—Why was not your telegraph put under ground? 
It was attempted at first to be put under ground, but the wet got so 
much to it, it was found better to put it above ground, to secure it 
from that injury. I believe one of the great difficulties the patentee 
had to contend with at the time has been since remedied by 1 
the tubes more impervious to the wet. (Mr. Wheatstone.) I wis 
to make an observation with regard to the expense of the line: the 
cost of the present experiment has exceeded 250l. per mile. We 
will assume that it cannot safely be reduced, though I think with 
more experience it might be ; if we consider that the cost of laying 
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down the whole telegraphic line from London to Bristol will be 
only the cost of one mile of the railroad itself, the expenditure will 
not appear great, considering the benefits to be obtained ; this is 
less than one per cent. upon the original estimate of the expenditure. 
Now would it not be worth while to go to that expense to obtain all 
the advantages that will undoubtedly be obtained by the telegraph? 
I will make a few observations with regard to the proposed Govern- 
ment line. The principal expense of laying down the telegraph 
line is, in fact, the iron tube and the other things connected with 
it. The mere cost of the wires is very little, not more than 61. or 
7l. per mile each. As many wires may be put as you please in the 
same tube, consequently, supposing an iron tube to be laid down 
from hence to Portsraouth, if wires for three distinct lines were en- 
closed within it, the expense of each line, considered separately, 
would be very considerably diminished. One line might be appropri- 
ated for the rail-road purposes alone, another for general commercial 
intercourse, that is, for sendiiig messages for any parties who choose 
to pay for the accommodation ; anda third for the exclusive use of 
the Government. There would be no difficulty, ifthe Government 
have a telegraphic line thus associated with the others, to make the 
terminations in their own oflices, from the admiralty in London, 
for instance, to any office belonging to. the same department at 
Portsmouth, so that information may be sent without communicat- 
ing with any persons but their own clerks. If this plan were 
adopted, it would do away with every objection which has been 
made with regard to the injury a private Company would do to the 
public, by having the exclusive means of intelligence in their own 
hands; and I am sure any railway company would enter willingly 
into an arrangement, by which Government might possess an ex- 
clusive line at a very moderate expense, much below that at which 
they conid lay it down themselves. If the new telegraph of which 
I have spoken succeeds, and it has s:icceeced perfectly so far as ex- 
periments have yet been tried, we might place three telegraphs in 
connection witn the six wires now used on the Great Western 
Railway, and these mich: be applied, as I have said before, to three 
specific purposes ; one exclusively for railway purposes, another 
to be let to any persons who choose to avail themselves of it, and 
another for Government objects. 

Would it be possible, by any portable instruments, for any third 
party to become acquainted with the messages sent on account of 
the government? If the government feared anything of that kind, 
they must use a cypher; communications by the electric telegraph 
would be far less public than by the present visual mode; at 
present every-body knows when a telegraph message is being 
despatched, and any person acquainted with the signals might read 
it. 

Is it not the case, that by a little attention any person can poesess 
themselves of any cypher? Very ingenious systems have certainly 
been decyphered, without any knowledge of their keys; but the 
task is no easy one. An extremely simple and safe mode of cypher 


Me ae. Ee © 
EOC 


hi) 


Mr. Wright’s Electro-Magnetic Coil Machines. 349 


has been devised, by means of which a person may communicate 
with a thousand correspondents, it being impossible for any one of 
them to read what is intended for another. 

Mr. Freshfield.— Have you made a calculation of the probable 
length of time the apparatus will continue, without requiring to be 
renewed? That is a question I cannot answer; but it comes to 
this: how long can the iron tube which contains the wires be pre- 
served; the wires themselves would remain uninjured for an 
indefinite period, if the tube be kept perfectly water-tight. 

Do you think the wear and tear of the apparatus from London 
to Bristol would be less than the wear and tear of the railroad for 
one mile? Far less. 

Mr. Loch.—Do you spell every word by the present mode? 
Some signals are used, but the words of a message are generally 
spelt.— (Mr. Saunders.) We have some conventional signals; the 
others are spelt. While we were working the telegraph, we worked 
it for some time intermediately through the Hanwell station, to try 
the effect of dividing it into different lines of telegraph ; there was 
evidently no perceptible difference of time from Drayton to Han- 
well, and from Hanwell to Paddington ; for the same party having 
a double instrument an Hanwell, the instant he saw the signals on 
one he touched the keys of the other ; the effect is quite instantane- 
ous ; in that way it might be sent to almost any distance. 

(A description of the dial-plate of this telegraph, and of the 
arrangement of the magnetic needles, and their helices, will be given 
in our next number.)—EbIit. 


XLIX.— O.] Electro-Magnetic Coil Machines; By Tuomas 
Warenut, Esq. 


Dear Sin, — Having been lately making some experiments with 
a view of determining the most efficient form which can be given 
to the coil in electro-magnetic coil machines, and having succeeded 
in producing a machine of great power in proportion to the quan- 
tity of wire employed, I proceed to lay an account of my experi- 
ments before the readers of your valuable journal. 

I have long considered that both the intensity and quantity effects 
of these machines are due, rather to the intensity than the quantity 
of magnetism developed in the central core of iron wires. ‘The 
coils which I have seen produced by the London philosophical 
instrument makers have been invariably short and thick, a form 
which I think very il] adapted to the purpose for which they were 
intended, as by this means a great quantity of magnetism is pro- 
duced, but possessing very little intensily. 

During the course of experiments which I instituted I employed 
11 coils, the structure of which was as follows :— 
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No. I, consisted of a core of soft iron wires 1-40* of inch 
in diameter, and four inches long, wound with 40 yards of copper 
wire 1-16. > 

No. 2. Core one foot long, half an inch in diameter, iron wires 
1-60; battery helix 40 yards 1-16; superimposed helix 60 yards 1-40. 

No. 3. Core two feet by half an inch,. iron wires 1-40, battery 
helix 60 yards 1-16, superimposed helix 60 yards 1-40. 

No. 4. Core one foot long, one inch in diameter, iron wires 1-40, 
helix 40 yards 1-16. 

No. 5. Core two feet by half an inch, battery helix 40 yards 
1-10, superimposed coil 60 yards 1-16. 

No. 6. Core one foot and a balf by half an inch, helix twenty 
yards 1-10. 

Nos. 7 and 8. Cores each eight inches long, by a quarter of an 
inch, iron wires 1-60, battery helices each 25 yards 1-16, super- 
imposed helices each 50 yards 1-60. 

No. 9. Core eight inches long by half an inch, iron wires 1-20, 
helix 25 yards 1-16. 

No. 10. Core eight inches long, half an inch square, com 
of seven strips of sheet iron carefully annealed, battery helix 30 
yards 1-16, superimposed helix 100 yards 1-60. 

No. 11. A compound U shaped bar 20 inches long, and two 
inches in diameter, composed of hoop iron riveted together and 
wound with eight copper wires 1-16, 20 yards long, all covered 
together so as to form a single helix; the whole apparatus being 
fitted up with a revolving armature for the purpose of breaking 
contact with the battery. 

The effects of the above coils when connected with a seven inch 


pair of zinc and copper plates excited a la Mullins were as follows: 

Scintillation Number of seconds re- 
from iron or steel. N j 
1. Scarcely perceptible; Small and bright Very poor 48 l 

2. From each helix: 
strong. with both united Large, bright, and sna 
would fasten with any pla eer very good 28 
bands. 

3. With both helices Much larger but less 
united excessivelystrong bright, having a flashing 
appearance similar to 
the firing of a graino 


Shock. Spark. 


Very bright from steel, 43 
n from iron 


unpowder 
4. Effects similar to No. ]]]]]] 4 not tried 
5 Shock not so good!Very similar to No, 2 18 
as No. 2, 
181 Shock just pereep- Large and bright Very beautiſul 10 
tible. 


7&8. Each of these 
coils with united helices 


gives a powerful shock, 


With both battery he- 
but when united in one lices united ina double 1 and larger than 


strand of 25 yards the 6 

ee of 1 spark is exceeding bright 
any I have yet experi. and large 
enced. 

9. All the effects veryſindiffereni . cece cc evccces 

10. Not i ee a 
with battery helix,wo 
not fasten with both he- Lare and bright Very good 22 
lices united, 


* The diameter of the wires in fractional] parts of an inch. 
+ When the helices are mentioned as united, it is mcant that the end of the 
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11. The effects from this helix with the small battery above- 
mentioned were not so good as from Nos. 7 and 8 conjoined ; 
when however it was connected with a series of four of Daniel's 
cells 3 feet high by 4 inches in diameter, the sparks and scintilla- 
tions were very splendid ; the decomposition with this battery were 
not tried, as I had not then a decomposing apparatus at hand. 

All the iron used in the above coils was carefully annealed and 
the copper wire new and had not been cotled at any previous time. 

From the foregoing experiments it would seem that the most 
efficient form that can be given to these machines, is that of an 
elongated helix enclosing a core of thin soft iron wires of not more 
than a quarter of an inch in diameter, and that if it should be re- 
quired to increase the size of the machine, the number of coils and 
not their diameter or length, should be multiplied. The most 
advantageous length for the battery current seems to be about 20 
or 25 yards, I am not, however, quite sure as to this, with regard 
to decompositions. 

If the coils are multiplied great care must be taken that the 
length of wires, texture of metal, and method of coiling are exactly 
simular in each coil, otherwise the stronger currents will use the 
wire of the weaker ones as partial conductors, and thereby very 
greatly deteriorate the action of the whole of them: thus if we 
unite a helix of 40 yards and one of €O in a double strand we shall 
not obtain near so strong a shock as from either of them singly ; 
but if we unite two helices of equal length, the shock is sometimes 
better, the decomposition and deflagrations always so. 

I have fitted up the coils 7 and 8 with my vibrating electrotome,* 
described in a late number of the Annals”: and by a particular 
arrangement of springs pressing against each other in various direc- 
tions, I can instantly vary the quantity or intensity of the current, 
so as to obtain it from lengths of 25, 50, 100, or 150 yards, or from 
a double length of 25 yards. 

The foot-board of the machine is hollow in order to admit a flat 
battery underneath. 

Flat Battery. Having noticed, (as I have no doubt many of 
your readers have) that in the ordinary cylindrical battery, the sal, 


battery belix is joined to the commencement of the upper one so as to form cne 
continuous coil, the battery current being passed through the thicker helix. 

t With this coil and both helices united, I was enabled to imitate the action 
of the Gymnotus Electricus with great success, by inserting two pieces of tinfoil 
in a tub of water and connecting them with the coil; if the hand was placed in 
the water a shock was immediately felt which was very severe when both hands 
were immersed. 

* In my published description of this electrotome I was sorry to perceive an 
error in the drawing; the contact was there shown to be broken at the end of 
the spring, whereas it ought to have been at a point about an inen and a half 
nearer the middle of it; an electrotome thus constructed will vibrate a little 
time after being jerked by the finger, without the aid of the coil: it will be 
advisable to have the touching points, which should be small, tipped with platina; 
the spring should be about four inches long and press strongly on the brass bar 
against which it vibrates; some of the electrotomes that I have thus made are 
guile musical. 
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in the cupreous solution is very liable to subside, by means of 
which, the action, when long continued, is in a great measure con- 
fined to the lower part of the arrangement, which is evident from 
the copper becoming considerably thicker at the lower, than at the 
upper part, I was led to construct a battery in the following 
manner :—a piece of thin sheet copper was bent up at the edges in 
the form of a tray, in the inside of this was placed a similar tray 
of thin mil-board, cemented at the sides, and furnished with small 
legs of sealing wax.——-Zinc and salt and water in the mill-board 
tray—sulphate of copper in the copper one. 

This battery has many advantages :—it is contructed at an ex- 
pense not greater than the cost of the materials—the action is very 
equable—and it can be easily slipped under the foot-board of any 
piece of apparatus to which it may be applied ; if it is required to 
employ a series of them, they may be piled upon each other, the 
wires of the zinc plates pressing with a spring on the copper next 
above ; and as it it is not necessary that the trays should be more 
than an inch deep, a large battery on this construction might be 
packed in a comparatively small space. 

Mr. Uriah Clarke has, I am sorry to observe, accused me of 
copying his electro-magnetic machine; this is certainly not the 
case, and if necessary I could adduce proof to the contrary ; I 
cannot say however that I see much resemblance in the two 
arrangements further than that they have each a reciprocating mo- 
tion; I consider Mr. Clarke’s much superior to mine as to the 
crank point, though I think he will find that great power is gained 
by partially continuing the armatures on the magnet. I have not 
proceeded with my engine, as I fancy I have hit upon a more eff- 
cient plan. I have very little expectation however of these engines 
being applicable to the working of machinery ;—at least economi- 
cally. They are very interesting toys. 

I am, my dear Sir, 
Very truly your's, 
William Sturgeon, Esq. THOMAS WRIGHT. 


L.—On the Theory of therfication, (/Etherbildung ) ; By Pro- 
FESSOR HEINRICH Rose. 


It is known that many salts of the oxide of bismith, of the oxide 
of quicksilver, of the oxide of antimony, and other metallic oxides, 
become decomposed by water. They, usually, by that means be- 
come transformed into basic salts: but sometimes by the application 
of a sufficient quantity of water, the decomposition proceeds to the 
separation of pure oxide; as, for instance, with the nitrate of the 
oxide of quicksilver. | 

The explanations which are usually given of these decompositions 
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is, that we admit that the water resolves the neutral salt of a metallic 
oxide into an acid and a basic salt, in a similar manner to that in 
which nitric acid transforms red super-oxide of lead into protoxide 
of lead, and brown super-oxide of lead. But the existence of acid 
salts, which, by the influence of the water on several neutral salts of 
metallic oxides, as has been supposed, is not satisfactorily proved: 
for in most cases the water takes only a part of the acid from the 
salt, and this dissolves some of the neutral salt, which, near the 
point of concentration of the acid solution by evaporation, in most 
cases crystallizes and separates as a neutral salt; and but very 
seldom as a double combination of neutral salt and acid hydrate. 
In many cases the quantity of salt which dissolves in the acid is 
exceedingly small ; sometimes not any, and the whole quantity of 
the oxide forms an insoluble basic salt. 

The easiest explanation which we can give of these decomposi- 
tions by water, appears to me to be this, that it is the water which 
acts as a base, and separates the oxide as a basic salt ; or, sometimes 
even in a pure condition, and combines with the acid to form a 
hydrate. This explanation will become the more admissable as we 
have already been accustomed to consider the hydrates of acids as 
saline compounds, in which the water represents a fixed base. It 
is well known what fertile inferences for the whole theory of che- 
mistry have been drawn by these views of the nature of the action, 
and especially by Graham, Berzelius, and Liebig. 

In fact, it is particularly the salts of such metallic oxides as are 
not possessed of strong basic properties which by water become 
decomposed. The salts of the more formidable bases do nat dis- 
play this phenomenon. 

According to this view these decompositions are analagous to the 
conversion of the red oxide of lead into the brown super-oxide and 
the protoxide of lead by means of nitric acid, only that they are of 
a directly opposite kind; for the strong acid, in a combination of 
protoxide of lead with the peroxide, expels the electro-negative 
body, and combines with the basic. 

The water occurs, also, as a base in other cases, and sometimes 
displaces other bases from their combinations. As, however, it 
always belongs to the weaker bases, and is at the same time volatile, 
such cases are not very frequent. But although itself volatile, it 
can expel the volatile oxide ofammonium from its combinations. If 
a solution of sulphate of the oxide of ammonium be boiled for a long 
time it becomes acid, and provided the boiling be in a retort, a 
fluid, containing free ammonia, distils over into the recipient. 
This result obviously proceeds from the water, as a base, expelling 
the oxide of ammonium, (which in a free state cannot exist, but is 
resolved into ammonia and water) from its combination with sul- 
phuric acid, with which it enters into a combination. The quantity 
of the sulphate of the oxide of ammonia, which, in this way, be- 
comes decomposed, is certainly very small; we must, however, 
consider that the oxide of ammonium belongs to the most powerful 
bases, and this result is principally to be attributed to its superior 
volatility. 
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If we apply the foregoing explanation of the decomposition of 
many salts by water, to the theory of therification, much simpli- 
city will be derived. 

Berzelius and Liebig have adopted the view, that the ether may 
be regarded as a base. which view has found such general appro- 
bation that it is become almost universally adopted, at least in 
Germany. 

It is known that the salts of the oxide of æthyl, (the compound 
æthers) by bases, become more or less easily decomposed when 
water is present: for those bases associate themselves with the acid 
of the compound, and liberate the oxide of æthyl as a hydrate 
(alcohol.) 

The same decomposition, nevertheless, is also caused by water, 
which, in this case, obviously operates asa base. Some compounds 
of the oxide of æthyl become as eusily decomposed by water, as by 
the operation of many other bases; as, for instance, is the case with 
oxalic ether, which, by water, becomes resolved into hydrate of 
oxalic acid and alcohol. To accomplish this transformation it is 
not necessary to employ a high temperature, because it takes place 
even at the common temperature, and, indeed, in a very short time. 

The acid sulphate of oxide of æthyl, or rather the combination of 
the sulphates of the oxide of ethyl with hydrated sulphuric acid, 
(sulphovinic acid) in its solution in water, also suffers a precisely 
similar decomposition. Even at the common temperature, in this 
case, will alcohol and hydrate of sulphuric acid be gradually 
formed: but their formation is much quickened by boiling. 

This process may also be easily explained on the supposition 
that the water operating as a base liberates the oxide of æthyl from 
its combination with the sulphuric acid, which, at the moment of 
separation, takes up water and forms alcohol. 

The aqueous solutions of nearly all the sulphovinates become 
similarly decomposed, and especially when boiled. Alcohol and 
water evaporate, and in the solution is formed a so called acid sul- 
phate, that is to say, a double compound of the neutral salt, which, 
with the hydrate of sulphuric acid, pre-existed in the sulphovinate 
salt. 

If sulphovinic acid be heated with only a small quantity of 
water, no alcohol will be obtained, but principally hydrated sul- 
phuric acid, and pure oxide of ethyl, or ether. There is not a 
sufficiency of water present to transform the liberated sether inte 
alcohol. 

If alcohol be mixed with hydrated sulphuric acid, sulphovinic 
acid becomes formed, or a double compound of neutral sulphaté of 
oxide of ethyl with the hydrated sulphuric acid. By the forma- 
tion of sulphate of oxide of æthyl two atoms of water are set free; 
one from the hydrated sulphuric acid and the other from the alco- 
hol. By heating the mixture, one of these free atoms of water 
liberates oxide of æthyl from its combination with sulphuric acid, 
combines with the acid, and forms hydrated sulphuric acid. 

But why does not the ether combine with water at the moment 


By Professor Heinrich Rose. 355 


it is liberated, and thus form alcohol? The water is sufficiently 
plentiful, because the liberation of the æther requires only one atom 
of water; and at the formation of rulphovinic acid, even when 
anhydrous alcohol is employed, two atoms are set free. 

It is known, that sulphuric acid can take up more than one atoin 
of water to form a hydrate. We know, also, that, besides the 
common hydrate with one atom of water, there is a second, which 
can be prepared in a crystalline state, and which contains two atoms 
of water. This compound corresponds to a basic sulphate salt. 

The disposition of the hydrate of sulphuric acid to take up more 
water is very great, and it is employed on this account for various 
purposes in our laboratories. It is this which prevents the ether, 
originating from the decomposition of the sulphovinic acid, from 
taking up the second atom of water; but if the mixture is uninter- 
ruptedly boiled for some time, the hydrated sulphuric acid loses 
the acquired water, which may then be distilled over in company 
with the ether. The ether may therefore, from a boiling mixture 
of the hydrate of sulphuric acid and alcohol, be distilled over at the 
same time with vater; but they are not the products of one, 
but of two chemical processes, which are both active together in 
the boiling mixture. 

At the commencement of the operation, but very little water 
passes over along with the ether and that alcohol contained in the 
mixture, which has not been converted into sulphovinic acid so, 
that the water remains dissolved in the distilled alcoholic ether, and 
does not separate: the quantity of water increases by further dis- 
tillation, especially at a high temperature, when the quantity of 
the second hydrate of sulphuric acid has augmented. 

Anhydrous alcohol is scarcely ever employed in the preparation 
of æther, but generally hydrated. It is evident that in the latter 
case the quantity of the second hydrate of sulphuric acid must be 
considerably increased. The experiments of Liebig, Magnus, and 
Marchand have shown that in the cold this second hydrate cannot 
form sulphovinic acid with alcohol, but does so at a higher tempe- 
rature, and therefore that sucha mixture on boiling can give ether 
by distillation. But it is known that by employing hydrated, 
or even anhydrous alcohol, there is always a portion of it which is 
not converted into sulphovinic acid, and this quantity may be dis- 
tilled as alcohol from the mixture. A second portion of alcohol, 
which distils over in company with the ether, in the formation of 
gether, may, however, be produced in this way,—that ether and 
water are contemporaneously disengaged from the mixture, and 
combine to form alcohol ; for it is 5 only in this way when 
a solution of pure sulphovinie acid is boiled with much water, or 
compound æthers decomposed by water or by the hydrates of 
bases. 

When, however, from the tendency of the hydrate of sulphuric 
acid to take up more water, ether has been evolved from a mixture 
of alcohol and sulphuric acid, it does not take up any water after 
being once separated: but water may be distilled over by heating 
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the diluted sulphuric acid. We know that when ether is treated 
with water, or even dissolved in it, no alcohol is formed. When 
ether is once separated from a compound of oxide of æthyl, the 
former can in no way be converted by water into alcohol. Only 
when, as above observed, the ether comes in contact with water at 
the moment of its expulsion does it form alcohol with it. The 
coutemporaneous disengagement of æther and water, from a boiling 
mixture of alcohol and the hydrate of sulphuric acid, shows there- 
fore quite evidently that both owe their origin to two distinct 
processes. . 

Moreover, it is by no means an anomalous phenomenon that a 
base, which is capable of forming a hydrate, does not combine with 
water when brought into contact with it in a pure state; a great 
number of cases of this kind occur in inorganic chemistry. We 
need only compare ether with that numerous class of ignited 
oxides in which so compact a state of cohesion is produced by heat, 
that they not only withstand the action of water, but even entirely 
or partially that of acids, to find abundant proof of such analogies. 
The ignited oxides with these properties always belong to the 
weaker bases, under which ether must necessarily be classed. 
Ather may be assimilated to these oxides the more, as it like them 
combines directly with acids with difficulty. | 

But even among the stronger bases we find some whose relations 
to water resemble those of «ther. When oxide of copper is pre- 
cipitated in the cold by bases from solutions of salts of the oxides 
of copper, it appears as a hydrate of the oxide of copper; which, 
however, on being heated under water, loses its water, and does 
not take it up again when left in contact with it at a higher, or at 
the common temperature. 

To find out at what period, in the preparation of æther by boil- 
ing a mixture of alcohol and sulphuric acid, water commences to 
pass over, M. Wittstock, at my request, instituted a series of experi- 
ments, which he had the kindness to communicate to me. 

Two pounds of the hydrate of sulphuric acid were mixed cold 
with two pounds of anhydrous alcohol, the mixture was made to 
boil with all possible haste in a retort, the distilled products, well 
cooled, were gradually received, and the distillation continued until 
the contents of the retort boiled over. 

The weight and specific gravity of the products were determined 
as they distilled over in succession. The results are as follows :— 

First distillation: 3 drachms 50 grains; spec. gr. 0°776*; pro- 
duced before the boiling of the mixture. The following 
products passed over after its boiling :— 


Second : 3 ounces 6 drachms ; spec. gr. 0°808. 
Third: 3 ounces 6 drachms ; spec. gr. 0-800. 
Fourth: 3 ounces 6 drachms ; spec. gr. 0°786. 
Fifth: 3 ounces 5 drachms 50 grs. ; spec. gr. 0-776. 
Sixth: 4 ounces 1 drachm 50 grs.; spec. gr. 0761. 


* The specific gravities, both hore as well as those to be mentioned subse- 
quently, were all determined at 14° Reaum. (63:59 Fahr.). 
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Seventh: 1 ounce 7 drachms 10 grs. ; spec. gr. 0:809. 
Eighth: 1 ounce 2 drachms. 

The first five products consisted of a single liquid; the sixth was 
the first in which a layer of water and of æther were perceptible. 
The quantity of separated water amounted to 3 drachms; the 
æthereal liquid had the specific gravity mentioned above. The 
seventh product consisted in volume of two parts water, and three 
parts of an æthereal fluid of the specific gravity stated; the eighth 
consisted almost entirely of water, above which floated a very thin 
layer of ether, which was coloured yellow by oil of wine. The 
contents of the retort boiled over on the continued application of 
heat. 

The first five products consisted of ether mixed with alcohol, 
which Jast was contained in the retort as such, and not converted 
into sulphovinic acid, and evaporated from the mixture in company 
with the wether. The first product, which distilled over at the 
lowest temperature, contained, to judge from its specific gravity, 
much ether, and little alcohol, quite opposed to the general opinion 
that ether is only formed at the boiling-point of the mixture. The 
succeeding products gradually became, according to their specifiic 
gravity, constantly more ethereal, and contained less alcohol ; but 
only in the sixth product was there so much water that it separated, 
and the quantity increased in proportion as the distillation was con- 
tinued. 

The first six products smelt but slightly of oil of wine; but the 
seventh contained a portion, and also smelt of sulphurous acid. 
After the first seven products had been mixed together, and the 
separated water removed, they had a specific gravity of 0-788. 

It is well known that æther is prepared, of late, in the most ad- 
vantageous manner, by allowing a small stream of alcohol to flow 
constantly into a mixture of alcohol and the hydrate of sulphuric 
acid. It has been denied that the presence of sulphovinic acid is 
of essential influence in the formation of æther, and asserted that it 
is not necessary that the formation of this acid should precede that 
of ether, because in the method of preparing ether alluded to, the 
boiling mixture must be constantly at a temperature of 140° cent., 
at which sulphovinic acid could not exist. But at the point where 
the current of cold alcohol flows into the boiling mixture, the tem- 
perature is under 140° C. The sulpbovinie acid formed is decom- 
posed it is true, in a very short time, from its soon acquiring the 
temperature of the boiling liquid. The preparation of ether, ac- 
cording to the above method, consists therefore in a constant form- 
ation, and continual decomposition of sulphovinic acid. It is a pretty 
generally entertained opinion that the production of ether from a 
mixture of alcohol and sulphuric acid, is solely effected by the boil- 
ing of the mixture, which takes place at a high temperature, about 
140°C. In many works on chemistry we meet with the asser- 
tion that when a mixture of sulphuric acid and alcohol are heated 
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at a temperature, not high enough for it to boil, no ether, but merely 
anhydrous alcohol, is obtained. 

Were this assertion correct, it would be an important objection to 
the hypothesis I have advanced ; for, according to that, it would be 
somewhat difficult to explain the circumstance why the oxide of 
æthyl is separated at a lower temperature, as a dydrate, and at a 
higher one in an anhydrous state. 

But this common opinion is founded on an error, which to me is 
quite incomprehensible. Æther is obtained even from a mixture of 
the hydrate of sulphuric acid and anhydrous alcohol, when distilled 
in a water-bath, at a temperature which need not always amount to 
the boiling heat of water. It is not indeed requisite to employ an- 
hydrous alcohol, but the hydrated, of 90 per cent. Tralles*, to obtain 
æther from a mixture at the above-mentioned temperature. 

Mr. Wittstock, at my request, had the goodness to institute a 
series of experiments on this point, and communicated the result 
to me. . 

I. Fifteen ounces of anhydrous alcohol were mixed in the cold, 
with an equal weight of the hydrate of sulphuric acid, and the mix- 
ture distilled at a temperature at which it could not boil strongly. 
The products, well cooled, were successively received, and the 
temperature at which they passed over accurately noted. 

First product: 1 dr. 10 grs., spec. gr. 0.817, 
passed over at from ; 


e e eee sae GOF to 80° R: 
Second product: 3 oz. 1 dr. 10 gr., spec. gr. 


0.792, passed over at fromm . 900 —93°,, 
Third product: 3 drs. 57 grs., spec. gr. 0.772, 
passed over at from ; 75° — 80° , 


Fourth product: 2 oz. 40 grs., spec. gr. 0.749, 
passed over at froon . QOO —Q52,, 
Fifth product: 5 drs. 

When the mixture had reached the temperature of 90° it began 
to boil very slightly ; the boiling, however, subsequently ceased at 
this temperature, but even then ether was disengaged from the 
mixture in bubbles, just as carbonic acid gas escapes at the common 
temperature from a liquid strongly saturated with it. 

From these experiments it is evident that ether is formed at far 
lower temperatures than is usually supposed. The first product 
smelled indeed strongly of xther ; but chiefly consisted, which is 
also indicated by the specific gravity, of alcohol, which had not 
been converted, by mixing with sulphuric acid, into sulphovinic 
acid; æther could not be separated from it, either by water or even 
by chloride of calcium. The second, third, and fourth products 
consisted, on the contrary, principally of «ther, which could even 
be separated by mere washing with water. The fifth was the first 
that contained free water, and indeed, in volume, more than the 
half. The specific gravity of the ethereal liquid floating above it 


* That is 90 per cent. absolute alcohol by volume. 
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was not determined. This last product distilled over very slowly, 
although at times the temperature was raised to 100° R. 

It results from these experiments that ether which is produced 
at lower temperatures than is requisite to boil the mixture, is at the 
same time gurer, and contains less alcohol and water than ether 
which has been prepared by strong boiling. A comparison of the 
specific gravities with those previously mentioned, set this evidently 
beyond all doubt. At a low temperature the water especially 
escapes later, and therefore only in the last product could separated 
water be observed, a proof that it is not disengaged in company 
with the ether. 

II. A second series of experiments proved this in a still more 
decided manner, so that there can no longer remain any doubt on 
the subject that ether can be evolved in abundance at the boiling- 
point of water. 

Seventeen ounces of anhydrous alcohol of specific gravity 0.792 
were mixed cold with 18 ounces of the hydrate of sulphuric acid, 
and the mixture subjected to distillation in a water-bath whose 
temperature frequently did not even attain that of boiling water. 
The quantities taken are in the proportion of single equivalents of 
each of the substances employed; they were taken in this propor- 
tion, partly because it approaches that which otherwise is employed 
in the preparation of ether; when equal parts by weight of alcohol 
and sulphuric acid are employed, and also in order to have no excess 
of sulphuric acid. 

The results of the experiments are as follows: 

First product. 3 drachms. 

Second product: 3 ounces 6 drachms; spec. gr. 0°755. 
Third product: 3 drachms ; spec. gr. 0°745. 

Fourth product. 

Even the first product consisted of nearly pure ether ; for a so- 
lution of acetate of potash separated ether from the liquid to the 
amount of two thirds of its volume. 

The fourth and last products contained free water, and consisted 
of nearly half of it by volume ; but it distilled over so slowly in 
the water-bath, that several hours were necessary to obtain a few 
drachms of it. From the specific gravities it will be perceived that 
the second, and especially the third product, consisted of ether far 
more pure than is obtained in other modes of preparing that sub- 
stance. 

III. As the idea is so general, that ether is formed from a mix- 
ture of alcohol and sulphuric acid only on boiling, and as in the 
usual mode of distilling, hydrated, and not anhydrous alcohol is 
employed, a new series of experiments were performed with the 
former. 

A pound of alcohol of 90 Tralles, such as is usually employed 
in the preparation of ether, was mixed in the cold with a pound of 
the hydrate of sulphuric acid, and the mixture subjected to distil- 
Jation in a water-bath, as in the second series of experiments. The 
results were; 
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First product: 4 drs. 36 grs.; spec. gr. 0.833. 

Second product: 2 oz. 4 drs. 20 grs.; spec. gr. 0.787. 
Third product: 4 drs. 50 grs.; spec. gr. 0.789. 
Fourth product: 5 drs. 17 grs.; spec. gr. 0.789. 
Fifth product. 

The first product consisted almost entirely of alechol, as indi- 
cated by the specific gravity. The succeeding ones contained much 
«ther, or consisted mostly of it. Free water also was evident in 
this case only in the fifth and last product, which consisted of one 
drachm of liquid, of which only one fourth was separated water. 
To distil this small quantity over, it was necessary to heat for more 
than five hours. i 

The æther obtained from a mixture of sulphuric acid and al- 
cohol, at the temperature of boiling water, is far more pure, as may 
be anticipated, and is indicated by the specific gravities of the pro- 
ducts, when anhydrous, instead of hydrated, alcohol is employed. 
The æther obtained from hydrated alcohol in this way contains 
more alcohol, because upon mixing hydrated alcohol with sulphuric 
acid, less is converted into sulphovinic acid, and more remains in a 
free state in the mixture, than when absolute alcohol is used. 
According, however, to the theory advanced in this memoir, only 
that portion of the alcohol can prodnce æther which has been con- 
vərted into sulphovinic acid, and this æther distils over when 
heated, in company with the free alcohol. 

The fact that «ther is produced from a mixture of alcohol and 
sulphuric acid even at the boiling-point of water, is indeed highly 
important in the theory of the formation of ether, and by this 
method the ether is also obtained more pure, especially from water, 
and of a far lower specific gravity than when distilled at a boiling 
heat; but it is not convenient in the preparation of «ther, in so far 
as at this low temperature the æther, and particularly the last pro- 
ducts, pass over with great slowness. 

Une fact, however, seems not to admit of being quite satisfac- 
torily explained by the present theory. Seeing that water acts as 
a base upon the oxide of æthyl, and disengages it from its com- 
binations, it must appear surprising that stronger bases than water 
do not effect this separation still more perfectly. But solutions of 
the sulphovinate of potash.and soda may be treated with an excess 
of potash without the oxide of zthyl being expelled ; and even the 
salts of the alkaline earths can exist in contact with an excess of 
base. 

But there seems to be a difference in properties between the 
double compound of the hydrate: of sulphuric acid with the sul- 
phate of the oxide of æthyl and the other sulphovinates. The 
former is far easier decomposed by water than the latter ; but this 
fact is by no means without analogy. Water is able to decompose 
many salts of the oxide of antimony, and displace the latter from 
these combinations as a basic salt; but the combinations of the 
oxide of antimony with tartaric acid, and other unvolatile organic 
acids, are not decomposed by water. 
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According to the earlier method in use, ether was obtained from 
a mixture of equal parts, by weight, of sulphuric acid and alcohol; 
but there is more alcohol at the commencement than is requisite. 
In the progress of the distillation, however, the quantity of sulphu- 
ric acid becomes constantly predominating, in proportion as the 
alcohol passes over as ether; and from the great excess of the 
hydrate of sulphuric acid, the liberated ether is itself decomposed 
by the boiling, which in this case takes place at a high temperature, 
and is then first converted into a double compound of the sulphate 
of the oxide of ethyl with sulphate of ætherol (Weinöl.); and 
lastly changed by the boiling into olefiant gas, from the presence 
of too great a quantity of the hydrate of sulphuric acid, and from 
too high a temperature. 

This change of æther into oil of wine and olefiant gas, by an 
excess of sulphuric acid and too high a temperature, is not the 
result of a mere deprivation of water, as might be concluded from 
a comparison of the composition of these substances with that of 
ther; for as soon as the slightest trace of oil of wine is evident 
in the formation of the ether, a corresponding trace of sulphurous 
ay is disengaged, the quantity of which becomes more consider- 
able if olefiant gas is formed. The production of sulphurous acid 
stands therefore in definite connexion with that of the oil of wine 
and olefiant gas. Since the origin of these two bedies takes place 
only at a high temperature, especially that of the olefiant gas, these 
substances undoubtedly owe their origin to a similar action of sul- 
phuric acid on ether, as this acid exerts on other bodies of organic 
origin at high temperatures. The sulphuric acid is coloured black 
by these, at the high temperature, with the evolution of sulphurous 
acid and separation of a carbonaceous substance; the same also 
takes plaee in the distillation of ether, when continued to the pro- 
duction of oil of wine and olefiant gas. 

The origin of this coaly matter, which has recently been ex- 
amined by Erdmann and Lose*, stands therefore in connexion 
with that of the sulphurous acid, oil of wine, and olefiant gas ; 
consequently the formation of this body is the result of another 

process, which very likely has nothing to do with the formation of 
the ether. 

When therefore ether is prepared from a mixture of sulphuric 
acid and alcohol at a very low temperature, it is perfectly free from 
oil of wine; and, in fact, not a trace of that substance could be 
observed in the first products which where obtained by the above 
distillations, not only in those that were performed in the water- 
bath, but also in those which were carried on at a gentle heat in 
the sand-bath. Even the last products appeared to be perfectly 
free from it; but if a considerable quantity of the ethereal liquid 
was evaporated on blotting paper, a very slight smell of it might 
be discovered, a trace however so insignificant, that individuals not 
well acquainted with the odour of oil of wine could not perceive 
it. Moreover, when the distillation was at an end, the residuum 

* Poggendorff's Annalen, vol. xlvii. p. 619. 
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in the retort was, it is true, of a dark colour, but not deep 
so that it resembled a brownish vitriol, such as frequently occurs 
in commerce ; the residue smelt as slightly of sulphurous acid as 
the distilled ether did of oil of wine. Not a trace of carbonaceous 
substance was separated. The process by which oil of wine is 
produced, commences, therefore, in the mixture prepared for the 
distillation of ether, even at the boiling-point of water, at least 
when this is Jong continued ; but even then the formation of this 
body at that temperature is quite trifling in amount. 

When ether is distilled from a mixture of sulphuric acid and 
alcohol in the water-bath, we obtain, as is evident from the above 
results, less ether than we might expect from the quantity of alco- 
hol employed, and the residue weighs more in proportion. In the 
last series of experiments described, in which æther was prepared 
in the water-bath, the residuum, on employing 17 ounces of abso 
lute alcohol and 18 ounces of sulphuric acid, weighed 27 ounces, 
and the distilled alcohol æther 43 ounces ; the loss consisted partly 
in the water distilled, the quantity of which was not determined, in 
volatilized «ther, which in this case volatilised the more, as it was 
nearly pure, and alsoin the loss which occurs by pouring out. On 
employing one pound of hydrated alcohol and one pound of dul 
phuric acid, the residuum weighed 263 ounces, the products 4 
ounces and some drachms ; the loss consisted partly in the water 
which passed over, the quantity of which was not accurately deter- 
mined. In both cases therefore, besides water, ether also remained 
with the sulphuric acid, undoubtedly as iszthionic acid, probably 
also in part as ethonic acid. It is very probable that the products 
which present themselves with ether in a distillation when long 
continued and at high temperature, are produced, not by the direct 
decomposition of the æther, but by the decomposition of the 
iseethionic acid, occasioned by the excess of sulphuric acid and a 
high temperature ; such as the precipitated carbonaceous substance, 
the sulphurous acid, oil of wine, and lastly, the olefiant gas. 

It is well known that the formation of these products is generally 
avoided in the preparation of æther by the new and most profitable 
method, in which, as ether passes over, a like quantity of alcohol 
is allowed to flow into the boiling mixture. The action of an excess 
of sulphuric acid on the alcohol, or rather on the isæthionic acid, at 
a high temperature, is thus prevented. 

When formerly the production of ether was sought to be ex- 
plained by the subtraction of the water from it, by means of sul- 
phuric acid, it might with much justice be objected to the present 
explanation, that other bodies, which have, like sulphuric acid, a 
great affinity to water, such as the hydrate of potash, chloride of 
calcium, &c., are not able to transform alcohol into ether ; but 
this objection now falls entirely to the ground, as we know that 
the ather is not formed by any subtraction of water, but by the 
decomposition of the sulphovinic acid. 

If ether is regarded as a base, then all the theories on the forma- 
tion of ether are not capable of satisfactorily explaining how a base 
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is discharged from a strongly acid liquor, and by a powerful aeid. 
It is only by the present explanation, and by the analogy which 
the separation of ether from sulphovinic acid bears to che decom- 
position of several inorganic salts by means of water, and also by 
the above-mentioned analogy of ether with a series of oxides which 
do not, or toa very slight extent, combine with acids, that this 
phenomenon loses its anomalous appearance. 

It seems to me highly desirable in organic chemistry, to illus- 
trate its processes always as much as possible by analogous pro- 
cesses in inorganic chemistry. The greatest advantages have ac- 
crued to organic chemistry by the endeavours of Berzelius, Liebig, 
and Dumas, who have pursued this path, frequently starting, it is 
true, from very different views. 

It is certainly advantageous in so imperfect a science as chemis- 
try, and especially organic chemistry, to ascribe provisionally to a 
common force all phznomena which stand isolated, for which no 
suitable analogies can be detected, and which on this account 
appear wonderful, and thus openly to admit that in the present 
state of science it is better to avoid explaining a process altogether, 
than to explain it by some artifice or in a constrained manner. 
The smaller the number of phenomena which we are compelled 
to refer to this class, the more perfect the science becomes. 

Setting out from tnis point of view, I have ventured to explain 
a process in organic chemistry, which has long, and particularly of 
late years, engaged the attention of chemists, as being analogous to 
several processes in inorganic chemistry; and if the explanation 
should not give general satisfaction, the attempt to attain so im- 
portant an object, will, I trust, meet with approbation. 

The present theory is valid, it is true, only for the formation of 
æther from a mixture of alcobol and sulphuric acid; but quite a 
similar one may undoubtedly be advanced for the formation of 
zether from mixtures of phosphoric and arsenic acids with alcohol. 
For the present, however, I leave it undecided whether the forma- 
tion of æther, by treating alcohol with fluoboracic gas, as also with 
the chloride of zinc and other chlorides, is to be explained by a 
mere subtraction of water by these substances; or in this way, 
that they form with alcohol, at the common temperature, combina- 
tions analogous to sulphovinic acid, which are decomposed like it, 
at ahigh temperature, by the agency of water. The latter view I 
regard as being the most probable. 


PosTscRIPT. 


In the preceding Memoir I have compared the formation of 
gether from a mixture of sulphuric acid and alcohol, with the de- 
composition of several inorganic salts by means of water; I have 
endeavoured to show that it is the water which in these cases acts 
the part of a base, and separates the oxide of æthyl or the metallic 
oxide, the Jatter generally as basic salt. 
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The inorganic salts which I enumerated in this comparison as 
examples, were those of the oxide of bismuth, the oxide of mer- 
cury, and of antimony. These undergo the said decomposition by 
water even at the common temperature; ether, however, is first 
separated from a mixture of sulphuric acid and alcohol, or fiom 
sulphovinic acid, at a high temperature. 

There are, however, among the inorganic weak bases, a consi- 
derable number which are eliminated by water, from their combi- 
nations with acids only at a high temperature ; and the decompo- 
sition of the salts of these bases, by means of water, is therefore 
still more fit to be compared to the formation of «ther. 

To these bases belongs more especially the peroxide of iron, 
which is precipitated by water as basic salt from solutions of 
most of its neutral salts at a high temperature. The weaker 
the solution of the salt of peroxide of iron, the lower is the tem- 
perature which occasions precipitation, and the more completely 
is the peroxide of iron thrown down, so that with a certain dilution 
as M. Scheerer has shown, scarcély a trace of the peroxide of iron 
remains in solution, but the entire quantity is separated as basic 
salt. As stronger bases are not precipitated by water on boiling, 
this property of the peroxide of iron has been employed to sepa- 
rate it from the oxides of cobalt, nickel, and other metalst. It 
may even be separated, by boiling the solution, from alumina, 
which, although it has with regard to its properties much similarity 
to the peroxide of iron, is evidently a stronger base ; this separation 
of alumina from the peroxide of iron by means of water at a high 
temperature, is of some importance to the arts, as in the fabrication 
of alum the peroxide of iron contained in the mother-liquor is pre- 
cipitated by mere boiling, and is thus more easy to separate from 
the alumira than the protoxide of iron, although the former, with 
sulphuric acid, and an alkali, forms an alum which has quite an 
analogous composition with alumina-alum ; and, from being iso- 
morphous with that alum, could crystallize with it in all proportions. 

Several other bases have the same property as the peroxide of 
iron, which like it belong to the class of weaker bases, and also 
several substances which act as bases towards strong acids, and 
also as acids towards strong bases, and which on that account are 
frequently classed among the acids. Among these are the oxide of 
zirconium, thorina, the peroxide of cerium, peroxide of tin, titanic 
acid, tellurous acid, columbic acid ; also in certain respects molyb- 
dic acid, tungstic acid, and vanadic acid. Several combinations of 
these oxides with acids are soluble in the cold in water, and are 
precipitated from the solution, on boiling, as oxides or basic salts. 

Several of the oxides precipitated in this manner possess, after 
precipitation by boiling, properties which they do not evince before 
their solution in acids and precipitation ; they are more indifferent 
than before, are partly of difficult solution in acids, partly insolu- 
ble, and do not combine after precipitation with them, even when 
these are employed in a concentrated state. Titanic acid, peroxide 
of tin, and many others may be classed here. This peculiarity * 
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in a certain degree analogous to that of æther, which, when it has 
been once separated by boiling from a mixture containing sulpho- 
vonic acid, appears not to combine directly with acids. 


| 


LI. On Galvanic results, in letters addressed to Prof. Silliman, Octo- 
ber 4, 1888, and August 6, 1839, from the vicinity of London ; by 
WILIIAAM STURGEON, Esq. » 


REMARKS BY THE EDITORS. 

A ‘very economical and efficient voltaic arrangement was 
adopted by several members of the London Electrical Society, and 
the report of the construction and performance of the battery, in a 
series of experiments performed at Clapham Common in the autumn 
of 1838, is contained in the report of Mr. Charles V. Walker, pub- 
lished in the Transactions of the London Electrical Society, in two 
papers dated October 16, and November 6, 1838. In allusion to 
this battery, Mr. Sturgeon observes, in his letter of October 9, 
1838 :— 

“A voltaic battery has been got up (at the expense of two of our 
Yeading men, whose names I am not at liberty to mention, ) for the 
sole purpose of investigation. The battery consists of one hundred 
and sixty porcelain pint jars, each containing a copper and zinc 
cylinder; the latter being covered with stout brown paper, is in- 
troduced to the interior of the copper. The exciting fluids are 
solutions of sulphate of copper and muriate of soda; the former 
applied to the copper cylinders, and the latter to the zinc ones. 
When the jars were in series the flame was upwards of an inch long, 
from a charcoal point, rotated on the poles of a magnet, according 
to the principles of electro-magnetism. Davy deflected the electrical 
flame by magnetic influence, but I am not aware that he rotated it.” 

Sulphuret of lead (galena) was decomposed, and metallic lead 
obtained. Sulphuret of antimony was decomposed, and the li- 
berated metal kept in fusion for several minutes. The boiling 
antimony was three inches long and half an inch wide between the 
polar wires, and exhibited a beautiful spectacle, in a channel of 
those dimensions which the action had formed in the native sul- 
phuret. When the electric flame was directed through the air 
between stout copper polar wires, the positive wire became red hot, 
but the negative wire could not be made red. The wires were 
made to change poles, still the same thing occurred: nay, even 
two inches of the positive wire, which was completely out of the 
circuit, was rendered hot, but no redness appeared on the nega- 
tive wire. How exceedingly curious and interesting is this last result! 

„ When the whole battery was formed into eight groups of 
twenty jars each, and properly connected with an electro-gasom- 
eter, the mixed gases were liberated from water at the rate of one 
cubic inch per seven seconds: and this for many successive minutes, 
although the battery had been in action for seven previous hours 
without interruption.” 
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In his letter of August 6, 1839, Mr. Sturgeon proceeds to ob- 
serve, that a good description of the apparatus and experiments 
will be found in the memoir above named, and of which he kindly 
transmitted a copy. But he remarks: “there are some particulars 
connected with the discovery of the difference of temperature, pro- 
duced in the positive and negative wires, which want a clearer de- 
scription than any given by Mr. Walker, or, perhaps any which that 
gentleman had then a means of giving; and, as I find, from the 
defective information which has been given of this particular dis- 
covery on the continent of Europe, that M. De la Rive and others, 
have failed in reproducing the curious phenomenon, it is possible 
that the American philosophers may also fail from a like cause, 
were the particulars of manipulation not made known to them. I 
will, therefore, for the information of all the readers of your excel- 
lent journal, give a brief historical sketch of the whole business.” 

“ The battery consisted of a hundred and sixty white porcelain 
jars, each of the capacity of about two thirds of a pint, and furnished 
with a hollow cylinder of sheet copper, and an interior hollow cy- 
linder of sheet zinc, the latter amalgamated, and in metallic con- 
nexion with the copper of the next pot, &c. The copper and zinc 
of each pot were separated from each other by a diaphragm of 
brown paper, (a disc, on the centre of which is placed the centre of 
the base of the zinc cylinder, and the periphery brought up to the 
upper end of the latter so as to form a bag round the zinc,) which 
separates the solution of sulphate of copper, which is placed outside, 
from the solution of common salt, which is placed inside of it 
Hence the copper is washed with its sulphate solution, and the zinc 
with the muriate of soda solution. 

“ One hundred of these metals and pots were furnished by Mr. 
Gassiot, and the other sixty by Mr. Mason. The preparation of a 
battery of this kind and extent is a great labour, as you will un- 
derstand from the following particulars. Mr. Walker commenced 
working at it between eight and nine in the morning; Mr. Mason 
arrived about eleven in the forenoon, and immediately set to work 
at it; Mr. Gassiot commenced shortly afterwards, and it was not 
ready for experiment till three in the afternoon, about an hour and 

a half after l arrived at Mr. Gassiot’s house. The plan of dividing 
the battery into groups for the experiments on decompasitions was 
formed by Mr. Mason, who is a very skilful and neat experimenter. 

« Àt a previous meeting I was requested to provide a catalogue of experiments, 
which I did; butin consequence of the great length of time occupied in the ex- 
periments on the decomposition of water by the various forms of the battery, 
only a few of them were attempted. As the decompositions are very well des- 
cribed by Mr. Walker, it would be unnecessary to say anything more about them 
in this place. They were carried on with great exactness in the following man- 
ner. The graduated glass tube of the electro-gasometer being filled with acidu- 
Jated water and inverted over the platinum terminals of the instrument, one of 
the polar wires of the battery was connected with it, and tne other kept in the 
hand of the experimenter ready to plunge into the other mercurial cup of the 


instrument the moment the word “ time” was given, and taken out again when a 
cubic inch of the gases was collected. 


‘With regard to the experiment in which I discovered the great 
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difference produced in the two polar wires, it Was undertaken from 
the views which I had long entertained concerning the non-identity 
of the electric and calorific matter, as you will see I have hinted at, 
at the close of section 1, of my first memoir to the London Elec- 
trical Society. It was late in the evening before I had any oppor- 
tunity of making the experiment. The rest of the party were en- 
gaged in sometuing else at the time, and the battery was in series 
of one hundred and sixty pairs. I brought the tip ends of the polar 
wires (copper wire one tenth of an inch diameter) into contact, 
end to end, then withdrew them gently and very gradually from 
each other, keeping the flame in full play between them till they 
were separated about one-fourth of an inch. In a few minutes the 
positive wire got red hot for half an inch, but the negative 
wire never became red. I repeated this several times, in order to 
be convinced of the fact. I next laid the wires across one another, 
and brought them into contact about an inch from the extremities, 
and separated them as before. In a short time the whole of 
that part of the positive wire from the point of crossing to the extre- 
mity, became very red hot, but the negative end never got even to a 
dull redness. It was certainly very hot, but never higher than a black 
heat. I next increased the length of the ends of the wires exterior to 
the circuit ; and eventually heated two inches of the positive wire 
to bright redness ; but no such heat took place on the other wire 
Thus satisfying myself that I was not mistaken, I called Mr. 
Mason to come and look at it: and after satisfying that gentle- 
man by an experiment or two, we called Mr. Gassiot and Mr. 
Walker to come and witness the novel phenomenon. We now 
changed the places of the polar wires, making that positive which 
before had been negative, &c. Still the positive wire showed 
the same fact. You will easily understand that I experienced a 
great degree of pleasure at the appearance of this beautiful fact, 
which seemed to demonstrate the justness of the hypothesis I had 
so long formed. No two bodies can be in the same place at the 
same time, is an old axiom in philosophy. Hence the blacksmith 
is enabled to heat his iron rod or nail, by compressing the calorific 
matter; the blows of his hammer forcing it from the cavities into 
the particles of the metal. ‘Thus, also, the electric fluid forces the 
calorific matter from its natural lodgings in the conductor, and 
drives it on even to beyond the electrical stream, to take refuge, in 
a compressed form, in the extremity of the positive wire. Nothing 
can be more simple to explain; nor do I know of an experiment 
that tends more to support the doctrine of one species of electric 
matter only ; and that it runs through the voltaic conducting wires, 
from the positive to the negative pole. 

Jo produce the phenomenon I have been describing, requires 
an extensive series of pairs; certainly not less than one hundred 
and twenty, but two hundred would answer much better, as much 
depends upon the play of the fluid between the wires; and I think 
that the battery is quite as well when not highly charged. I have 
mentioned one hundred and twenty as the shortest to insure success, 
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although it 1s possible that one hundred might show the fact.” 

The following remarks, in answer to inquiries made of Mr. Stur - 
geon as to his views regarding the best forms of galvanic batteries, 
are worth preserving, as the conclusions of so experienced an expe- 
rimenter, and the more so as they coincide generally with the views 
of Dr. Hare, and of other distinguished men in this country.— Eds. 

Form and size of Galvanic Batleries. 

«With respect to galvanic batteries, we can never expect to find 
one which will exhibit every class of phenomena to the best advan- 
tage. The pile, with moistened card board in pure water, or a well 
constructed Cruikshank, charged with water, answers best for 
charging Leyden jars, deflections of pith balls, &c. And the more 
extensive the series the better. The size of the plates has also 
much to do in this business. A single pair of plates, charged 
with dilute nitrous acid, answers best for most electro-magnetic 
experiments. For a display of brilliant calorific phenomena, the 
burning of charcoal, deflagration of laminated metals, &c, a 
series of not less than a hundred pairs answers better than any 
smaller series. Here again, the size of the plates should never be less 
than four inches square. Six inch plates answer much better, and two 
hundred better than one hundred, &c. And these may be either of 
the Cruikshank form, or of any other, observing that the action with 
the former is of much shorter duration than with the Wollaston 
form, and shorter with the Wollaston than with the battery before 
described. 

‘s Then again, for heating of thick wires, a series of ten or less, 
of large plates, are better than more extensive series. 

“ For chemical decompositions, there is, perhaps, no battery 
known so well adapted for them as the jars which I have de- 
scribed. Their sustaining power is a great recommendation. The 
extent of series will necessarily vary with the nature of the com- 
pound operated on. We have found that a series of twelve jars 
gives a sufficient intensity tor the decomposition of acidulated 
water, (water 10, sulphuric acid 1, or even much less.) I wenty- 
four jars in a double series of twelve, give about twice as much 
gas as a single series of twelve. But twenty-four jars in a single 
series do not give so much gas as when they form a double se- 
ries of twelve. Again, thirty-six jars in one series, do not give 
so much gas as when they sre formed into a treble series of 
twelve. Hence a series of twelve of these jars seems to be about 
the best unit of intensity for acidulated water. Other compounds 
will require other units of intensity to produce maximum effects— 
and other batteries will require different extent of series to pro- 
duce the same unit of intensity as that produced by the jars.”— 
Leiter to Prof. Silliman.—( From Silliman’s Journal.) 
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BRITISH ASSOCIATION PROCEEDINGS 
AT GLASGOW, 1840. 


GENERAL MEETING.—Tuunrspay, SEPTEMBER 24. 


In consequence of the absence of the Rev. Vernon Harcourt, the 
President of the past year, the Marquis of Northampton took the 

chair. He lamented the unavoidable absence of Mr. Harcourt, who 
had taken so active a share in the formation of the Society, and had 
been one of its most zealous supporters. He congratulated the 
Association on assembling in a city equally remarkable for its ex- 
tensive commerce and great manufacturing industry, and the seat 
of an ancient university, which had rendered eminent service to the 
united cause of literature, science, and humanity. Glasgow, the 
native town of Watt, had taken the lead in the practical application 
of steam as a moving power, and the animating display of steamers 
on the Clyde united the triumphs of art to the most romantic scenery 
of nature. He felt great pleasure in introducing their new Presi- 
dent, the Marquis of Breadalbane; and, after a brief reference to 
the services which the Association had rendered to science, he re- 
signed the chair. 

The Marquis of Breadalbane, on taking the chair, stated his sense 
of the honour conferred on him, and observed, that it was unthought 
of, and unlooked for on his part; and he was afraid he had no claim 
to it, save that of one who had a firm conviction of the vast import- 
ance and value of science, and an earnest wish to support its best 
interests by every means in his power. It was unnecessary, he 
observed, in such a meeting, composed as it was of some of the 
greatest ornaments cf our own country, and many of the highest 
character in science in foreign countries, to dilate on that bond of 
union which it presented for promoting the great object—the in- 
vestigation of truth. The British Association had conferred great 
and valuable benefits upon the nation, and even the world at large. 
He adverted to the propriety of such a meeting being held in Glas- 
gow, a city combining in itself more perhaps than any other in the 
empire, the elements of national wealth commerce and manufac- 
tures. He then called on Mr. Murchison to read 


The Address of the General Sccretaries. 


In entering upon the duty assigned to us, we heartily congratu- 
late our associates on this our second assembly in Scotland. As on 
our first visit, we were sustained by the intellectual force of the 
metropolis of this kingdom, so now, by visiting the chief mart of 
Scottish commerce, and an ancient seat of learning, we hope to 


double the numbers of our northern auxiliaries. 
2 Y 
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Supported by a fresh accession of the property and intelligence 
of this land, we are now led on by a noble Marquis, who, disdain- 
ing not the fields we try to win, may be cited as the first Highland 
chieftain who, proclaiming that knowledge is power, is proud to 
place himself at the head of the clans of science. 

If such be our chief, what is our chosen ground? Raised through 
the industry and genius of her sons, to a pinnacle of commercial 
grandeur, well can this city estimate her obligations to science! 
Happily as she is placed, and surrounded as she is by earth's fairest 
gifts, she feels how much her progress depends upon an acquaint- 
ance with the true structure of the rich deposits which form her 
subsoil; and, great as they are, she clearly sees that her manufac- 
tures may at a moment take a new flight by new mechanical 
discoveries. For she it is, you all know, who nurtured the man 
whose genius has changed the tide of human interests, by calling 
into active energy a power which (as wielded by him), in abridging 
time and space, has doubled the value of human life, and has estab- 
lished for his memory a lasting claim on the gratitude of the civilized 
world. The names of Watt and Glasgow are united in imperishable 
records ! 

In such a city then, surrounded by such recollections, encouraged 
by an ullustrious and time-honoured University, and fostered by 
the ancient leaders of the people, may we not augur that this 
meeting of the British Association shall rival the most useful of our 
previous assemblies, and exhibit undoubted proofs of the increasing 
prosperity of the British Association ? 

Not attempting an analysis of the general advance of science in 
the year that has passed since our meeting at Birmingham, we shall 
restrict ourselves, on the present occasion, to a brief review of what 
the British Association has directly effected in that interval of time, 
as recorded in the last published volume of our Transactions. 
From this straight path of our duty we shall only deviate in 
offering a few general remarks on subjects intimately connected 
with the well being and dignity of our Institution. 

One of the most important—perhaps the most important service 
to science—which it is the peculiar duty of the Association to 
confer, is that which arises from its relation to the Government — 
the right which it claims to make known the wants of science, and 
to demand for them that aid which it is beyond the power of any 
scientific body to bestow. In the fulfilment of this important and 
responsible duty, the Association has continued to act upon the 
principle already laid down in the Address of the General Secre- 
taries at the Meeting at Newcastle in 1838, namely, to seek the aid 
of Government in no case of doubtful or minor importance; and 
to seek it only when the resources of individuals, or of individual 
bodies, shall have proved unequal to the demand. The caution 
which it has observed in this respect has been eminently displayed 
in the part which it has taken with reference to the Antarctic ex- 
pedition, and to the fixed Magnetical Observatories. It abstained 
from recommending the former to the Government until it had 
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called for and obtained from Major Sabine, by whom the import- 
ance of such an expedition was first urged, a report in which that 
importance was placed beyond all doubt; and it withheld from 
urging the latter, although its necessity was fully felt by some of 
its own members, until the letter of Baron Humboldt to the Duke 
of Sussex gave authority and force to its recommendation. 

The delay which has in consequence occurred, has been pro- 
ductive of signal benefit to each branch of this great twofold 
undertaking. Since the time alluded to, our view of the objects of 
investigation in terrestrial magnetism have been greatly enlarged, 
at the same time that they have become more distinct. Major 
Sabine’s memoir on the Intensity of Terrestrial Magnetism, has 
served to point out the most interesting portion of the surface of 
the globe as respects the distribution of the magnetic force, and 
has indicated, in the clearest manner, what still remained for 
observation to perform: and the beautiful theory of M. Gauss, 
which has been partly built upon the data afforded by the same 
memoir, while it has assigned the most probable configuration of 
the magnetic lines of declination, inclination, and intensity, has 
done the same service with respect to all the three elements. 

In another poiut of view, also, delay has proved of great value 
to both branches of the undertaking, but more especially to the 
fixed observatories. Our means of instrumental research have, 
since the time of their first projection, received great improvements, 
as well in their adequacy to the objects of inquiry, as in their pre- 
cision ; and finally, the two great lines of inquiry—the research of 
the distribution of terrestrial magnetism on the earth’s surface, and 
the investigation of its variations, secular, periodic, and irregular,— 
have been permitted to proceed part passu. 

Last of all, the prudent caution, and vigilant care, which the 
two great scientific bodies have exhibited, both in the origin and 
progress of the undertaking, have naturally inspired the govern- 
ment with confidence ; and while on the one hand science has not 
hesitated to demand of the country all that was requisite to give 
completeness to a great design, so on the other, the government of 
the country has not hesitated to yield, with a liberal and un- 
sparing hand, every request the importance of which was so well 
guaranteed. 

But while we thus enumerate the benefits which have resulted 
to magnetical science from the delay, it must be also acknowledged 
that something has been lost also, not to science, but to British 
glory. Although terrestrial magnetism stood forward as the pro- 
minent object of the Antarctic expedition, yet it was also destined 
to advance our knowledge of the “ physique du globe, in all its 
branches, and especially in that of geography. Had the project 
of an Antarctic expedition been acceded to when it was first pro- 
posed, viz., at the meeting of the British Association in Dublin, in 
1835, there can be no reasonable doubt, that a discovery, which, 
by its extent, may almost be designated a Southern Continent, 
situated in the very region to which its efforts were to have been 
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chiefly directed, must have fallen to its lot; and the flag of 
England been once more the first to wave over an unknown land. 
But while, as Britons, we mourn over the loss of a prize which it 
well became Britain and British seamen to have made their own, 
it is our part too as Britons, as well as men of science, to hail the 
great discovery—one of the very few great geographical discoveries 
which remained unmade ;—and to congratulate those by whom it 
has been achieved, those whom we are proud to acknowledge as 
fellow-labourers, and who have proved themselves in this instance 
our successtul rivals in an honourable and generous emulation. 

The caution which has characterized the British Association in 
the origination of this great undertaking, has been followed up by 
the Royal Society in the manner in which it has planned the details, 
and in the vigilant care with which it has watched over the execu- 
tion. Of the success which has attended this portion of the work, 
the strongest proof has been already given in the unhesitating 
adoption of the same scheme of observation by many of the conti- 
nental observers, and in the wide extension which it has already 
received in other quarters of the globe. All that yet remains is to 
provide for the speedy publication of the results. The enormous 
mass of observations which will be gathered in, in the course of 
three years, by the Observatories established under British auspices, 
and by the Antarctic expedition, will render this part of the task 
one of great expense and labour. To meet the former, we must 
again look to the Government, and to the East India Company, 
who will certainly not fail to present the result of their munificence 
to the world in an accessible form. The latter can only be over- 
come by a well organized system. The planning of this system 
will, of course, be one of the first duties of the Royal Society ; and 
it is important that it should be so arranged, that while every 
facility in the way of reduction may be given to those who shall 
hereafter engage in the theoretical discussion of the observations, 
care is taken at the same time that the data are presented entire, 
without mutilation or abridgment. The Council of the Royal 
Society will, doubtless, be greatly assisted in this duty by the 
eminent individual who has had in every way so large a share in 
the formation of these widely scattered magnetic establishments, 
and whose own Observatory, founded by the munificence of the 
Dublin University, has nearly completed twelve months’ magnetic 
observations on that enlarged and complete system of which it set 
the first example. 

In referring, as we have done, to those most valuable services 
which the Royal Society have rendered, and are continuing to 
render, in directing and superintending the details of this great 
undertaking in both its branches, it is right that, on the part of the 
British Association, we should express the cordial satisfaction and 
delight with which we witness their exertions, united with our own 
in this common cause ; nor should we omit to recognize how much 
this desirable concurrence has been promoted by the influence of 
the noble President of the Royal Society, the Marquis of Nor- 
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thampton, whom, as on so many former occasions, we have the 
pleasure of seeing amongst us, as one of our warmest supporters 
and most active members. 

In the volume of our Transactions now under notice, is con- 
tained the memorial presented to Lord Melbourne by the Com- 
mittee of the British“ Association. appointed to represent to her 
Majesty's Government the recommendation of the Association on 
the subject of terrestrial magnetism. This memorial is one of many 
services which have been rendered to our cause, by Sir John 
Hersche:, whose name, whose influence, and whose exertions, since 
our meeting two years since at Newcastle, have largely contributed 
to place the subject where it now stands. The devoted labour of 
other of our members has long been given to an object which they 
have had deeply at heart, viz. the advancement of the science of 
terrestrial magnetism ; but the sacrifice which Sir John Herschel 
has made of time, diverted from the great work in which his ardent 
love of astronomy, his own personal fame, and his father’s memory, 
are all deeply concerned, the more urgently demands from our jus- 
tice a grateful mention,—because the science of magnetism had no 
claim on him, beyend the interest felt in every branch of science, 
by one to whom no part of its wide field is strange, and the regard 
which a national undertaking such as this deserved, from the per- 
son who occupies his distinguished station amongst the leaders of 
British science. 

The advancement of human knowledge, which may be reckoned 
upon as the certain consequence of the Antarctic expedition (should 
Providence crown it with success), and of the arrangements con- 
nected with it, is of so extensive a nature, and of such incalculable 
importance, that no juster title to real and lasting glory than it may 
be expected to confer, has been earned by any country, at any 
period of time; ncthing has ever been attempted by England more 
worthy of the place which she occupies in the scale of nations. 
When much which now appears of magnitude in the eyes of poli- 
ticians has passed into insignificance, the fruits of this undertaking 
will distinguish the era which gave it birth, and, engraved on the 
durable records of science, will for ever reflect honour on the scien- 
tific bodies which planned and promoted it, and on the Government, 
which, with so much liberality, has carried it into effect. 

Were the value of this association, gentlemen, to be measured 
only by the part which it has taken in suggesting and urging this 
one object, there might here be enough to satisfy the doubts of 
those who question its utility: to overlook such acts as these, and. 
the power of public usefulness which they indicate, to scrutinize 
with microscopic view the minute defects incidental to every nu- 
merous assemblage of men, to watch with critical fastidiousness the 
taste of every word which might be uttered by individuals amongst 
us, instead of casting a master’s eye over the work which has been 
done, and is doing, at our meetings, is no mark of superior discern- 
ment and comprchensive wisdom, but is evidence rather of con- 
finement to narrow views, and an indulgence of vain and ignoble 
passions. l 
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But to proceed with our usefui efforts. One of the principal 
objects of our annual volumes is the publication in the most au- 
thentic form of the results of special researches, undertaken by the 
request, and prosecuted in many instances at the cost, of the Asso- 
ciation. It is a trite remark, that if a man of talent has but far 
play, he will soon secure to himself his due place in public estima- 
tion. We fully admit the truth of this in many instances, and 
above all where the points of research are connected with commerce 
and the useful arts ; but many also are the subtile threads of know- 
ledge, which, destined at some future day to be woven into the 
great web in which all the sciences are knit together, are yet not 
appreciable to the vulgar eye, and, if simply submitted to public 
judgment, would too often meet with silent neglect. Number- 
less, we say, are the subjects (and if your Association exceeds 
a centenary, still more numerous will they be) with which the 
retired and skilful man may wish to grapple, and still be de- 
terred by his want of opportunity or of means. Then is it that, 
adopting the well-balanced recommendations of the men in whose 
capacity and rectitude you confide, you step forward with your aid, 
and bring about these recondite researches, the result of which in 

the volume under our notice we now proceed to consider. 

The first of these inquiries to which we advert, you called for at 
the hands of Prof. Owen, upon “ British Fossil Reptiles,” one of 
the branches of Natural History, on a correct knowledge of which 
the developement of Geology is intimately dependent. 

The merits of the author selected for this inquiry are now 
widely recognized, and he has, with justice, been approved as the 
worthy successor of John Hunter, that illustrious Scotchman who 
laid the foundation of comparative anatomy in the British isles. 
That this science is now taking a fresh spring, would, we are per- 
suaded, be the opinion of Cuvier himself, could that eminent man 
view the progress which our young countryman is making towards 
the completion of the temple of which the French naturalist was 
the great architect. It is therefore a pleasing reflection, that when 
we solicited Professor Owen to work out this subject, we did not 
follow in the wake of Europe's praise, but led the way (as this 
Association ought always to do), in drawing forth the man of genius 
and of worth ; and the value of our choice has been since stamped 
by the approval of the French Institute. 

If Englishmen“ first perceived something of the natural affinities 
of Palæosaurians, it was reserved for Cuvier to complete all such 
preliminary labour. The publication of his splendid chapters on 
the Osteology of the crocodile and other reptiles, drew new atten- 

tion and more intelligent scrutiny to these remains; and it ought 
to be a subject of honest pride to us to reflect that the most interest- 
ing fruits of the researches of that great anatomist were early 
gathered by the English paleontologists, Cliftand Home. One of 
our leaders, whose report on Geology ornaments the volumes of this 
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Association, formed the genius Plesiosaurus, on an enlarged view 
of the relation subsisting between the aucient and modern forms of 
reptile life; while shortly after Buckland established the genus 
Megalosaurus, and Mantell, Iguanodon and Hylaosaurus, worthy 
rivals of the Geo Sauri and Moso Sauri of Cuvier. The other 
Englishmen who have best toiled in the field, are De la Beche, 
Hawkins, and Sir Philip Egerton. 

Yet although this report is on Brilish reptiles, we are tully alive 
to the great progress which this department has made, and is 
making, on the Continent, through the labours of Count Munster, 
Jäger, and Hermann Von Meyer. The last-mentioned naturalist 
has been for some time preparing a series of exquisite drawings of 
very many forms unknown to us in England, most of which have 
been detected in the Muschelkalk, a formation not hitherto dis- 
covered in the British isles. Yet despite of all that had been ac- 
complished in our own country or elsewhere, Professor Owen has 
thrown a new light of classification on this subject, founded on 
many newly-discovered peculiarities of osseous structure, and has 
vastly augmented our acquaintance with new forms, by describing 
sixteen species of Plesiosauri, three of which only had been recog- 
nizably described by other writers; and ten species of Ichthyosauri, 
five of which are new to science. Such results were not to be 
obtained without much labour ; and previous to drawing up his 
report, Professor Owen had visited the principal depositaries of 
Enaliosaurt described by foreign writers, as well as most of the 
public and private collections of Britain. This, the first part of 
Mr. Owen’s report, concludes with a generul review of the geolo- 
gical relations and extent of the strata through which he has traced 
the remains of British Enaliosauri. The materials which he has 
collected for the second and concluding portion of his report, on 
the terrestrial and crocodilean sauria, the Chelonia, Ophidian, and 
Batrachian reptiles, are equally numerous, and the results of these 
researches will be laid before the Association at our next meeting. 
Deeply impressed as we are with the value of this report, we can- 
not conclude a notice of it without again alluding to its origin, in 
the words of Professor Owen himself: “I could not,” says he, 
c have ventured to have proposed to myself the British Fossil 
Reptilia as a subject of continuous and systematic research, without 
the aid and encouragement which the British Association has liber- 
ally granted to me for that purpose.” 

Mr. Edward Forbes, whose labours in detecting the difference of 
species and varieties among the existing marine testacea of our 
shores have been most praiseworthy, has on this occasion given us 
a report On the Pulmoniferous Mollusca of the British Isles.” 
The variations in the distribution of the species in this class of 
animals, are shown by him to depend both upon climate and upon 
soil, the structure of the country (or geological conditions) having 
quite as much share in such varied distribution as the greatest 
diversity of temperature. The Association has to thank the author 
for valuable tables, which show both the distribution of the pulmo- 
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niferous molusca in our islands, and their relations to those of 
Europe generally. ; 

From zoological researches let us now turn to physical geology. 
One of the most interesting fruits of modern experimental research, 
is the knowledge of the fact, that electrical currents are in continual 
circulation beiow the surface of the earth. Whether these currents, 
so powerful in developing magnetical and chemical phenomena, are 
confined to mineral veins and particular arrangements of metal and 
rock, or generally capable of detection by refined apparatus well 
applied, appeared a question of sufficient importance to deserve at 
least a trial on the part of the Association. Our present volume 
records the result of such a trial on the ancient and very regularly 
stratified rocks of Cumberland, consisting of limestone, sandstone, 
shale, and coal, so superimposed in many repetitions as to resemble 
not a little the common arrangement of a voltaic pile. Varied ex- 
periments, with a galvanometer of considerable delicacy, failed to 
detect, in these seemingly favourable circumstances, any electrical 
current. 

The extensive and rapidly increasing applications of iron to public 
and private structures of all kinds in which durability of material is 
a first requisite, have made it highly desirable to possess accurate 
information respecting the nature of the chemical forces which effect 
the destruction of this hard and apparently intractable metal. The 
preservation of iron from oxidation and corrosion, is indeed an ob- 
ject of paramount impertance in civil engineering. The Association 
was therefore anxious to direct inquiry to this subject, and gladly 
availed itself of the assistance of Mr. Mallet, a gentleman peculiarly 
qualified for such investigations, both from his knowledge as a 
chemist, and from his opportuities of observation as a practical en- 
gineer. An extensive series of experiments has accordingly been 
instituted by him, with the support of the Association, on the action 
of sea and river water, in different circumstances as to purity and 
temperature, upon a large number of specimens of both cast and 
wrought iron of different kinds. These experiments are still in pro- 
gress, and the effects are observed from time to time. They will 
afford valuable data for the engineer, and form the principal object 
of the enquiry, but a period of a few years will be required for its 
completion. In the meantime, Mr. Mallet has furnished a report on 
the present state of our knowledge of the subject, drawn from vari- 
ous published sources, and from his own extensive observations. 
In this report he examines very fully the general conditions of the 
oxidation of iron, and how this operation is greatly promoted, al- 
though modified in its results, by sea-water; also in what manner 
the tendency to corrosion is affected by the composition, the grain, 
porosity, and other mechanical properties of the different commer- 
cial varieties of iron. The influence of minute quantities of other 
metals, in imparting durability to iron, is also considered. Mr. 
Mallet devotes much attention to the consequences of the galvanic 
association of different metals with iron, a subject of recent interest 
from the applications of zinc and other metals to protect iron, which 


British Associatton Proceedings. 377 


are at present agitated. He concludes this, his first report, by re- 
commending a series of enquiries, ten in number, which will supply 
the desiderata immediately required by the engineer and by the 
chemist. 

We have next to notice a report by Professor Powell, “On the 
present state of our knowledge of Refractive Indices for the standard 
rays of the solar spectrum in different media.“ The difficulty which 
the fact of the dispersion of light has oficred to the universal ap- 
plication of the undulatory theory, has been in a great measure 
removed by the analysis of Cauchy and others, who have considered 
the distances of the undulatory particles as quantities comparable 
to the length of a wave. Velocities of propagation of the different 
ravs of the spectrum, are made to depend upon the length of wave 
which constitutes a ray of a given colour, and upon certain constants 
proper to the medium. These constants being obtained from ob- 
servations on refractive indices for certain definite rays (or dark lines) 
of the spectrum, the refrangibility of any other definite ray (whose 
wave-length has been ascertained by examining an interference- 
spectrum), becomes known, and may be compared with observation 
as a test of theory ; such experiments have been made by Frauen- 
hofer, Rudberg, and Professor Powell, who has given a tabular view 
of the various results, without, however, instituting the comparsion 
between theory and observation, which it would be desirable to ex- 
tend further than has yet been done. It would be important also 
to elucidate the disturbing effect of temperature, which prevents 
even existing observations from being rigorously comparable. 

The calculations respecting the tides, which have been prose- 
cuted by the aid of the Association ever since its institution, have 
been continued this year by Mr. Bunt, under the direction of Mr. 
Whewell. Ihese calculations have now reached such a point, that 
the mathematician, instead of being, as at the beginning of this 
period, content with the first rude approximations, is now strug- 
gling to obtain the last degree of accuracy. 

The country in which we are now assembled has always been 
conspicuous for attention to meteorology, a branch of physical 
science in which the British Association, with its power of com- 
bining the efforts of many observers in distant quarters of the globe, 
may hope to be especially useful. 

In Scotland, Leslie opened a new train of inquiry, by examining 
the earth's temperature at different depths ; and his successor in the 
University of Edinburgh is now directing, at the request of the 
Association, a large and complete course of experiments on that 
interesting subject. Framed in conformity with the plans adopted 
for similar objects by Arago and Quetelet, these researches of 
Professor Forbes contain also the means of determining the power 
of conducting heat, which different sorts of rock possess; and may 
thus throw light on some of those peculiarities in the distribution of 
temperature at greater depths below the surface, which have be- 
come known by experience, but are not explained by theory. 

In Scotland, Sir David Brewster was the first to obtain an hourly 
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meteorological journal for a series of years, and to draw from that 
fertile source new and important deductions, which have had a 
powerful influence on the progress of scientific meteorology. How 
gratifying to receive, through the same hands, after a lapse of nearly 
fifteen years, an additional contribution of the same kind, and from 
the same country ; but embracing new conditions, on a new line of 
operations, in order to obtain new results. By the observations 
now in progress at Inverness, and at Kingussie, the influence of 
elevation in modifying the laws which have been found to govern 
the hourly distribution of heat near the level of the sea, may be 
discovered, and thus a great addition be made to the experimental 
results, for which science has long been grateful to the distin- 
guished philosopher we have named, and which have been de- 
scribed as of the highest value to meteorology, and as the only 
channel through which any specific practical information can be 
obtained in this most interesting department of physics.” 

This is no ordinary praise. It is the just tribute of one who is 
worthy to offer it; one, who at the call of the British Association, 
has conducted at Plymouth a still more extensive series of similar 
observations, and has added to them hourly comparisons of the 
temperature and moisture of the air, and an hourly record of baro- 
metric oscillations. Mr. Snow Harris has presented in a few pages 
of our last report the precious results of 70,000 observations, 
and thus rendered them immediately available in the foundations 
of accurate meteorology. The documents thus patiently collected 
are, however, not yet exhausted in value; they may be again and 
again called into the court of science, and made to yield testimony 
to other, and as yet, unsuspected truths. They must not be lost. 
Shall we lay them by in manuscript among other unconsulted 
records of the past lahours of men, or by undertaking their publi- 
cation, do justice to our workmen, and establish a new claim on the 
imitation of the present, and the gratitude of future days? This 
question is of serious import. Already, stimulated by success in 
thermometric registration, we have set to work on a more perplex- 
ing problem; we have resolved to bind even the wandering winds 
in the magic of numbers. While we speak, the beautiful engines 
of our Whewells and Oslers are tracing at every instant of time the 
displacements of the atmosphere at Cambridge, at Plymouth, at 
Birmingham, in Edinburgh, in Canada, in St. Helena, and at the 
Cape of Good Hope; and, ere long, we may hope to view, asso- 
ciated in one diagram, the simultaneous movements of the air over 
Europe, America, Africa, India, and Australia, recorded with in- 
ene which we have chosen, by men whom we have set to 
work. 

Amongst the causes which tend to retard the progress of science, 
few, perhaps, operate more widely than the impediment to a free 
and rapid communication of thought and of experiments, occasioned 
by difference of language. It appeared to the British Association 
that this impediment might, in some degree, be removed, as far as 
regards our own country, by procuring, and causing ta be pub- 
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lished, translations of foreign scientific memoirs judiciously selected. 
Accordingly, at each of the meetings at Newcastle and Birming- 
ham, a grant of 100/. was placed at the disposal of a committee 
appointed to carry this purpose into effect. Aided by the contri- 
butions of several translations which have been gratuitously pre- 
sented to them, the committee have been enabled, in the two last 
years, to publish fourteen memoirs on subjects of prominent inte- 
rest and importance in the mathematical and physical sciences, 
bearing the names of some of the most eminent of the continental 
philosophers. 

Such, gentlemen, is an imperfect review of our recent proceed- 
ings. In two essential respects the British Association differs from 
all the annual scientific meetings of the Contiment, no one of which 
has printed Transactions or employed money in aiding special 
researches. We also differ from them in the communications which, 
in the name of the representatives of science, assembled from all 
parts of the United Kingdom, we feel ourselves authorized to make 
from time to time to the Government on subjects connected with 
the scientific character of the nation. On our first visit to Scotland, 
for example, we felt it to be an opprobrium that this enlightened 
kingdom should, in one essential feature of civilization, be still 
behind many of the continental states, and we prepared an address 
to his late Majesty’s Government, urging strongly the necessity of 
the construction, without delay, of a map of Scotland, founded on 
the trigonometrical survey. Representations to the same effect 
have since been made by the Royal Society of Edinburgh,.and by 
the Highland Society, and the subject has now engaged that atten- 
tion which will, we trust, soon procure for this country the first 
sheets of a large and complete map. 

If, then, it be asked why are the men of highest station happy 
to associate and mingle with us in official duties? Why have the 
heads of the noble houses of Fitzwilliam, Lansdowne,* Northamp- 
ton, Burlington, Northumberland, and Breadalbane, alternated in 
presiding over us, with our Bucklands, our Sedgwicks, our Bris- 
banes, our Lloyds, and our Harcourts? Why, indeed, on this very 
occasion has Argyll himself, overlooking the claims due to his high 
position, and his ancient lineage, come forward to act with us, and 
even to serve in a subordinate office? May we not reply, that it 
is, we believe, a consequence of the just appreciation on the part 
of these patriotic and enlightened noblemen, of the beneficial influ- 
ences which this Association exercises in so many ways on the 
sources of the nation’s power and honour. 

If we have hitherto dwelt almost exclusively on the value of our 
transactions, researches, recommendations, and the good application 
of our finances, let it not, however, be supposed, that we are not 
also fully alive to the advantages which flow from the social inter- 


e The Marquis of Lansduwne, who had accepted the office, was prevented 
from attending by deep domestic affliction, and the Marquis of Northampton 
cheerfully supplied his place. 
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course of these meetings, by bringing together, into friendly 

communion, from distant parts, those who are struggling on (often 

remote and unassisted) in advancing experimental science. If, 

indeed, this principle of union (which we are proud to have bor- 

rowed from our German brethren, ) has been hitherto found to work 
so well amongst our own countrymen, we cannot but doubly recog- 
nize its value when we see assembled so many distinguished persons 
from foreign countries. In the presence of these eminent men, 
we forbear to allude to individual distinctions, conscious that any 
brief attempt of our own would fall far short of a true estimate of 
merits, the high order of which is indeed known to every cultiva- 
tor of science in Britain. Well, however, may we rejoice in having 
drawn such spirits to our Isle; valuable, we trust, will be the 
comparisons we shall be enabled to make between the steps which 
the different sciences are making in their countries and in our own. 

That advantages, indeed, of no mean order arise from such 
social intercourse, is a feeling now so prevalent, that foreign na- 
tional associations for the promotion of natural knowledge, have 
rapidly increased. Germany, France, and Italy bave their annual 
assemblies, and our allies of the Northern States hold their sittings 
beyond the Baltic. In all this there is doubtless much good, but 
an occasional more extensive intercourse of a similar nature, to be 
repeated at certain intervals, is greatly to be desired. 

It has therefore appeared to us (and we say it after consultation 
with many of our continental friends, who equally feel the disad- 
vantage), that the formation of a general congress of science might 
be promoted at this meeting, which, not interfering with any 
assemblies yet fixed upon, or even contemplated, may be so 
arranged as to permit the attendance of the officers and active 
members of each national scientific institution. 

If the British Association should take the first step in proposing 
a measure of this kind, and should solicit the illustrious Humboldt 
to act as President, we are sure that scientific men of all nations 
would gladly unite in offering this homage to a man whose hfe and 
fortune have been spent in their cause, whose voice has been so in- 
strumental in awakening Europe tothe inquiry into the laws of 
terrestrial magnetism, and whose ardent search after nature's truths 
has triumphed over the Andes and the Altai. 

If such be your suggestion, then will a fresh laurel be added to 
the wreath of this city. She who, through the power bequeathed 
to her by her illustrious offspring, conveys with rapid transit her 
inventions and her produce to the remotest lands, well can she esti- 
mate the value of an union of men whose labours can but tend to 
cement the bonds of general peace. In such a body the British 
representatives would, we trust, form no unconspicuous band ; and 
with minds strengthened by the infusion of fresh knowledge, they 
would, on re-assembling for our own national ends, the better 


sustain the permanent and successful career of the British Asso- 
ciation. 
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Mr. Taylor, the Treasurer, then read the Report of the Receipts 
and Expenditure for the past year. 

Mr. Phillips announced the order of proceedings; and added, 
that a steamer had been placed at the disposal of the Association, 
which would convey the members to Arran at six o'clock on Satur- 
day morning; and that the railway proprietors had offered to 
convey members to and from Ardrossan. 


SATURDAY. 


On a new method of Photogenic Drawing,” by Dr. Schifhaeutl. 

After some observations on the comparatively low value of all 
drawings taken by means of the camera-obscura, in an artistical 
point of view, and on the principal points on which Mr. Talbot's 
and M. Daguerre’s methods of fixing the drawings of the camera- 
obscura were founded, the author proceeded to describe his peculiar 
methods of producing photogenic drawings in Mr. Talbot’s, that is, 
in a negative way; then, secondly, he described two new methocls 
of obtaining photographs ina positive way. His first method tended 
to obtain a paper of very great sensibility by a comparatively short 
process. He recommended Penny's improved patent metallic paper, 
and spreading a concentrated solution of the nitrate of silver (140gr. 
to 23 drachms of fused nitrate to 6 fluid drachms of distilled water), 
by merely drawing the paper over the surface of the solution con- 
tained in a large dish. In order to convert this nitrate of silver 
into a chloride, the author exposed it to the vapours of boiling muri- 
atic acid. A coating of chloride of silver, shining with a peculiar 
silky lustre, was by this method generated on the surface of the 
paper, without penetrating into its mass; and in order to give to 
this coating of chloride the highest degree or sensibility, it was dried, 
and then drawn over the surface of the solution of the nitrate of 
silver again. After having been dried, the paper was ready for use; 
and no repetition of this treatment was able to improve its sensitive- 
ness. The author’s process for fixing definitively the drawing was 
as follows :—He steeped the drawing from five to ten minutes in 
alcohol, and, after removing all superfluous moisture by means of 
blotting-paper, and’ drying it slightly before the fire, the paper thus 
prepared is finally drawn through diluted muriatic acid, mixed with 
a few drops of an acid nitrate of mercury. The addition of the 
nitrate of mercury requires great caution, and its proper action 
must be tried first on paper slips, upon which have been pro- 
duced different tints and shadows by exposure to light; be- 
cause, if added in too great a quantity, the lightest shades 
disappear entirely. The paper, after having been drawn 
through the above-mentioned solution, is washed well in 
water, and then dried in a degree approaching to about 158“ Fahr., 
or, in fact, till the white places of the paper assume a very slight 
tinge of yellow. The appearance of this tint indicates that the 
drawing is fixed permanentiy. The author's way for reversing the 
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drawing is, in the principal points, the same as that suggested by 
Mr. Fox Talbot. In order to obtain a photogenic drawing ina 
direct and positive way, the author uses his above-mentioned paper, 
allows it to darken in a bright sunlight, and macerates it for at 
least half an hour in a liquid, which is prepared by mixing one part 
of the already described acid solution of nitrate of mercury with 
from nine to ten parts of alcohol. A bright lemon-yellow preci- 
pitate, of basic hyponitrate of the protoxide of quicksilver falls, 
and the clear liquid is preserved for use. The macerated paper is 
removed from the alcoholic solution, and quickly drawn over the 
surface of diluted hydrochloric acid (1 part strong acid to7 or 10 
of water), then quickly washed in water, and slightly and care- 
fully dried in a heat not exceeding 212° of Fahr. The paper is in 
this state ready for being bleached by the rays of the sun; and in 
order to fix the obtained drawing, nothing more is required than to 
steep the paper a few minutes in alcohol, which dissolves the free 
bichloride of mercury. The maceration must not be continued too 
long, as in that case the paper begins to darken again. The author's 
second method of producing positive photogenic drawings was by 
using metallic plates, and covering them with a layer of hydruret 
of carbon, prepared by dissolving pitch in alcohol, and collecting 
the residuum on a filter. This, when well washed, is spread as 
equally as possible over a heated even metallic plate of copper. 
The plate is then carbonized in a closed box of cast iron, and, after 
cooling, passed betwixt two polished steel rollers, resembling a 
common copper-plate printing-press. The plate, after this process, 
is dipped into the above-mentioned solution of the nitrate of silver, 
and instantly exposed to the action of the camera. The silver is, 
by the action of the rays of the sun, reduced into a perfect metallic 
state, and the lights expressed by the different density of the milk- 
white deadened silver, the shadows by the black carbonized plate. 
In a few seconds, the picture is finished ; and the plate is so sensi- 
tive, that the reduction of the silver begins even by the light of a 
candle. For fixing the image, nothing else is required, except 
dipping the plate in alcohol mixed with a small quantity of the 
hyposulphite of soda, or of pure ammonia. 

Professor Graham then gave an Abstract of Professor Liebig's 
New Chemical Views relative to Agriculture and Physiology, as 
contained in his Report on the applications of Organic Chemistry 
in Agriculture and Physiology. 

The primary source, it is observed, whence man and animals 
derive the means of their growth and support, is the vegetable 
kingdom. Plants, on the other hand, find new nutritive material 
only in inorganic substances. It is obvious, that the last proposi- 
tion, if true, will afford a firm basis on which to build the super- 
structure of the chemical physiology of plants. A different opinion 
has hitherto prevailed. The fertility of every soil has been generally 
ga 1 ati by physiologists to depend on the preseuice in it of a pe- 
culiar substance, to which they have given the name of humus. 
This substance, believed to be the principal nutriment of plants, 
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and to be extracted by them from the soil in which they grow, is 
itself the product of the decay of other plants. The obvious differ- 
ence in the growth of plants, according to the known abundance or 
scarcity of humus, was considered an incontestible proof of the cor- 
rectness of this opinion. Yet Liebig adduces the most conclusive 
proofs that humus, in the form in which it exists in the soil, does 
not yield the smallest nourishment to plants. Ist. The humus or 
humic acid of chemists, (obtained by means of precipitating an 
alkaline decoction of mould or peat by means of acids,) although 
soluble, when newly precipitated, is known to become completely 
insoluble when dried in the air, or when exposed in the moist state 
to the freezing temperature. This is also demonstrated by treating 
a portion of good mould with cold water. The fluid remains 
colourless, and is found to have dissolved less than 100,000th part 
of its weight of organic matters, and to contain merely the salts 
which are present in rain water. Decayed wood also yields only 
slight traces of soluble materials. It has, indeed, been admitted 
by physiologists, that humic acid, in its unaltered condition, cannot 
serve for the nourishment of plants ; and hence they have assumed 
that the lime of the different alkalies found in the ashes of vege- 
tables render soluble the humic acid, and fit it for the process of 
assimilation. But even supposing the humic acid to be absorbed 
by plants, in the form of that salt, which contains the largest pro- 
portion of humic acid, namely, the humate of lime, Liebig shows, 
from the known quantity of the alkaline bases contained in the 
ashes of plants, in relation to the carbon they contain, that not so 
much as 1-30th of the carbon of fir wood, nor so much as 1-20th 
of the carbon of wheat straw, could be derived from humus in this 
way. 2nd. Humate of lime requires 2,500 parts of water for solu- 
tion. Now, supposing all the rain water which falls upon a field to 
become saturated with humate of lime, and to be absorbed by the 
plants growing upon it, then the quantity of humate of lime, which 
the plants thus nourished could obtain, might be calculated. But 
it proves to be quite insufficient to account for the carbon cuntained 
in the corn or in beet-root grown upon the land. 3rd. A certain 
quantity of carbon is taken every year from a forest or meadow, in 
the form of wood or hay, and, in spite of this, the quantity of car- 
bon in the soil augments—it becomes richer in humus. 

The carbon of plants must therefore be derived from other 
sources ; and as the soil does not yield it, it can only be extracted 
from the atmosphere. Physiologists, in attempting to explain the 
origin of carbon in plants, overlook the circumstance that the ques- 
tion is intimately connected with that of the origin of humus. It 
is universally admitted that humus arises from the decay of plants. 
No primitive humus, therefore, can have existed, for plants must 
have preceded the humus. ‘hat plants derive the carbon exclu- 
sively from the decomposition of carbonic acid, chiefly and often 
entirely supplied by the atmosphere, is the conclusion to which 
Liebig arrives. They restore oxygen at the same time tothe atmos- 
phere, agreeably to the observation of Priestley, De Saussure, and 
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others. The decomposition of carbonic acid, it is true, is arrested 
by the absence of light, and then plants appear to produce and 
evolve carbonic acid. But then, namely, at night, according to 
Liebig, a true chemical process commences, in consequence of the 
action of the oxygen in the air upon the organic substances com- 
posing the leaves, blossoms, and fruit. This process is not at all 
connected with the life of the vegetable, because it goes on in a 
dead plant exactly as in a living one. The formation of acids is 
effected during the night by a true process of oxidation; the volatile 
oils also change into resins by the absorption of oxygen. The car- 
bonic acid, which has been absorbed by the leaves and by the 
roots, together with water, ceases to be decomposed on the depar- 
ture of day-light: it is dissolved in the juices, which pervade all 
parts of the plant, and escapes through the leaves by evaporation. 
Plants which live in a soil containing humus, exhale much more 
carbonic acid during the night than those which grow in dry situa- 
tions—the decomposition of the humus in the soil affording addi- 
tional carbonic acid to the roots of the former. The opinion is not 
new that the carbonic acid of the air serves for the nutriment of 
plants, and that the carbon is assimilated by them, having been 
advocated by the ablest natural philosophers, but has not been 
properly appreciated by naturalists—partly, Liebig believes, from 
their imperfect acquaintance with chemistry, and partiy from cer- 
tain objectionable experiments which were instituted by them in 
order to decide the point. That the developement of the plants 
growing from seeds sown in pure Carrara marble and in sulphur 
did not advance far, although sprinkled with carbonic acid water, 
is not to be wondered at, seeing that many conditions are necessary 
for the life of plants; those of each genus requiring special con- 
ditions, and should but one of these be wanting, although all the 
rest be supplied, the plants will not be brought to maturity. The 
sources of the nitrogen and earthy bodies, which all plants contain, 
were withheld in these experiments. The mere observation of a 
wood or a meadow, Liebig considers infinitely better adapted to 
decide the question, than all the trivial experiments under a glass 
globe. Having shown that the carbon of plants is derived from the 
atmosphere, Liebig next inquires what power is really exerted on 
vegetation by the humus of the soil. 

Woody fibre, in a state of decay, is the substance called Aumus. 
This body possesses the property to convert oxygen into carbonic 
acid. A substance then remains, mould, which is the product of 
the complete decay of woody fibre. It constitutes the principal 
part of all the strata of brown coal and peat. Humus is a continued 
source of carbonic acid, which it emits very slowly. Such is the 
chief function which Liebig ascribes to it in vegetation. There is 
no reason to believe that humus, if absorbed by plants, would not 
be assimilated, more than sugar. starch, and gum, which humus 
considerably resembles, and which, when absorbed by the roots of 
plants, are not assimilated, but again discharged by the roots, or 
excreted by the leaves. Cultivation is useful, as tilling and loosen- 
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ing the soil allows access of air to the humus, and thus gives rise 
to the formation of carbonic acid. When a plant is quite matured, 
and when the leaves, the organs by which it obtains food from the 
atmosphere, are formed, the carbonic acid of the soil is no further 
required. 

Lhe Assimilation of Hydrogen.—The solid part of plants (woody 
fibre) contains carbon and the constituents of water (C-+-H,O), or 
the elements of carbonic acid, together with a certain quantity of 
hydrogen. The wood may be formed from a combination of the 
carbon of the carbonic acid with the elements of water, under the 
influence of solar light, the oxygen of the carbonic acid being at the 
same time evolved. Or,—and this view Liebig thinks more pro- 
bable,—plants, under the same circumstances, may decompose 
water, the hydrogen of which is assimilated along with carbonic 
acid. The oxygen disengaged from plants will therefore come from 
water. But the volume of this gas set free would be the same, 
whether derived from the decomposition of carbonic acid or of 
water. A part, or the whole of the oxygen besides contained in 
the carbonic acid, must also be set free, in the formation of such a 
substance as an essential oil, which contains only a small portion of 
oxygen, or no oxygen, as a constituent. 

On the Origin and Assimilation of Nitrogen.—Prof. Liebig esta- 
blished the fact that the third of the organic elements is uniformly 
derived by plants from ammonia. Like water, that body admits of 
numerous transformations in contact with other bodies. He has 
demonstrated the existence of ammonia in the atmosphere, by 
original experiments, having obtained it in a minute but sensible 
quantity from rain water collected at a distance from all habita- 
tions. The diffusion of this substance in the mineral kingdom is 
also evinced by the existence of calcareous nitre soils and rocks, 
there being good reason to consider nitric acid as a product of the 
transformation of the former. A salt of ammonia also sublimes 
with the boracic acid, condensed in the hot boracic lagoons of Tus- 
cany. Ammonia is also observable in the state of a salt in the juices 
of plants. The juices of the maple-tree and of beet-root are tound, 
in the process of preparing sugar from them, to contain ammonia 
in considerable quantities. Putrified urine contains nitrogen in the 
rorms of carbonate, phosphate, and lactate of ammonia, and in no 
other form. It is employed in Flanders as a manure with the best 
results. Animal manure, Liebig believes to act only by the forma- 
tion of ammonia. The latter substance must also form the red and 
blue colouring matter of flowers. The evident influence of gypsum 
upon the growth of grasses, the striking fertility and luxuriance of 
a meadow upon which it is strewed, depends only upon its fixing 
in the soil the ammonia of the atmosphere, which would other- 
wise be volatilized with the water which evaporates. The ammonia, 
which is in the state of carbonate, is then decomposed, as in the 
manufacture of sal ammoniac, and the sulphate of ammonia pro- 
duced. The advantage of manuring fields with burned. clay and 
the rertility of ferruginous soils, which have been considered as 
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facts so incomprehensible, are explained in an equally simple man- 
ner. The true cause is this:—The oxides of iron and alumina 
are distinguished from all other metallic oxides by their power of 
forming solid compounds with ammonia. The ammonia is sepa- 
rated from them by every shower of rain, and conveyed in solu- 
tion to the soil. Powdered charcoal surpasses all other substances 
in the power to absorb ammonia and other gases, and has been ob- 
served to promote vegetation in an extraordinary degree. Decaying 
wood possesses the same property. Humus, therefore, is not only 
a slow and constant source of carbonic acid, but is also a means by 
which the necessary nitrogen is conveyed to plants. Nitrogen, 
Liebig observes, is found in lichens, which grow on basaltic rocks. 
Our fields produce more of it than we have given them as manure, 
anıl it exists in all kinds of soils and minerals which were never in 
contact with organic substances. The nitrogen in these cases could 
only have been attracted from the atmosphere. Carbonic acid, 
water, and ammonia, contain the elements neces for the support 
of animals and vegetables. The same substances (he adds) are the 
ultimate products of the chemical processes of decay and putrefac- 
tion. All the innumerable products of vitality resume, after death, 
the original form from which they sprung. And thus death—the 
complete dissolution of an existing generation—becomes the source 
of life for a new one. 

But another class of substances is also necessary for the life of 
vegetables. 

The Inorganic Constitution of Plants.—These substances are 
found in the ashes left after the incineration of plants, although in 
a changed condition. Many of these inorganic constituents vary 
according to the soil in which the plants grow, but a certain num- 
ber of them are indispensable to their developement. Phosphate 
of magnesia in combination with ammonia is an invariable consti- 
tuent of the seeds of all kinds.of grasses. Plants also contain 
various organic acids, all of which are in combination with bases, 
such as potash, soda, lime, or magnesia. Of the different alkaline 
bases found in plants, Liebig finds reason to conclude, that any one 
may be substituted for another, the action of all being the same. 
But the number of equivalents of these various bases remains the 
same. The analysis of Berthier and Saussure show that the nature 
of a soil exercises a decided influence on the quantity of different 
metallic oxides contained in the plants which grow upon it: that 
magnesia, for example, was contained in the ashes of a pine-tree, 
grown at Mont Breven, while it was absent from the ashes of a tree 
of the same species from Mont La Salle, and that even the propor- 
tion of lime and potash was very different. But although the com- 
position of the ashes of these pine-trees was so very different, they 
contained an equal number of equivalents of metallic oxides; or, what 
is the same thing, the quantity of oxygen contained in all the bases 
was in both cases the same—being expressed by the number 9.01 in 
one case, and by 8.95 in another, a coincidence which had escaped the 
notice of the analyst himself. It is certain that particular acids enter 
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into different vegetables, and are necessary to their life; some alkaline 
base is also indispensible, in order to enter into combination with the 
acids, which are always found in the state of salts. The perfect 
developement of a plant is therefore dependent on the presence of 
alkalies or alkaline earths, and its growth is arrested when these sub- 
stances are totally wanting, and impeded when they are only deficient. 
Hence it is that of two kinds of tree, the wood of which contains un- 
equal quantities of alkaline bases, one may grow luxuriantly in several 
soils, upon which the other can scarcely vegetate. Thus 10,000 parts 
of oak-wood yield 250 parts of ashes, and the same quantity of fir- 
wood only 83 parts. Hence, firs and pines find a sufficient quantity 
of alkalies in granitic and barren sandy soils, in which oaks will not 
grow. Liebig supplies various additional illustrations of the influence 
of the alkaline metallic oxides on vegetation, amply sufficient to place 
beyond controversy these conclusions, so important to agriculture and 
tu the cultivation of forests. One of these Professor Graham quoted : 
a harvest of grain is obtained every thirty or forty years from the soil 
of the Luneburg heath, by strewing it with the ashes of the heath 
plants which grow on it. These plants, during the long period men- 
tioned, collect the potash and soda from the decomposing minerals of 
the soil, which are conveyed to them by rain water; and itis by means 
of these alkalies that oats, barley, and rye, to which they are indis- 
pensable, are enabled to grow on this sandy heath. The supposition 
of alkalies, metallic oxides, or inorganic matter in general being pro- 
duced by plants, is entircly refuted by such well authenticated facts. 
It is thought very remarkable, that those plants of the grass tribe, the 
seeds of which furnish food for man, follow him like the domestic 
animals. But none of our corn plants can bear perfect seeds, that is, 
seeds yielding flour, without a large supply of phosphate of magnesia 
and ammonia, substances which they require for their maturity. 
Hence these plants grow only in a soil where these three constituents 
are found combined, and no soil is richer in them than those where 
men and animals dwell together. Professor Liebig then applies these 
great fundamental principles, in this report, to the art of culture, 
under the following heads: use of humus—nutrition and growth of 
plants—necessity of azotized substances—influence of the food on the 
produce—composition of soils—the fertility of soils—fallow. Then, 
under the head of interchange (rotation) of crops and manure, he 
discusses the varieties and applications of particular manures, compo- 
sition of animal manures, the essential elements of manure, bone 
manure, Manure supplies nitrogen, mode of applying urine, value of 
human excrements. In the second part of his report Professor Liebig 
discusses the chemical processes of fermentation, decay, and putrefac- 
tion, under the heads of chemical transformations—eremacausis or 
decay—vinous fermentation—wine and beer—decay of woody fibre— 
on the mouldering of bodies—and on poisons, contagious matter, and 
miasms. The novel theoretical views with which this department of 
the work abounds are remarkable, equally with those of the preceding 
part, for their profundity and for their valuable applications. The 
subjects discussed, however, are numerous, and of such a nature that 
great injustice would necessarily be done to them in a short and hasty 
abstract. 
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Dr. Gregory stated, that having studied Proſessor Liebig's work, it 
appeared to him in the highest degree important. as being the first at- 
tempt to apply the newly-created science of Organic Chemistry to 
Agriculture; that, in his opinion, from this day might be dated a new 
era in that art, from the principles established, with such profound sa- 


-gacity, by Professor Liebig. He was also of opinion, that the British 


Association had just reason to be proud of such a work, as originating 
in their recommendation. 


eee ee —— iain 


MISCELLANEOUS ARTICLES. 


On Beet Sugar; by J. C. Boots. 


There are few subjects which have created more sensation in the 
greater part of Europe, and the United States, simultaneously, than the 
manufacture of sugar from beet root. That it should have induced 
many individuals in this country to experiment, with a view to its 
manufacture, the characteristic enterprise and ingenuity of our people 
might guarantee, but may we not assign as the chief reason of their 
failure, or only partial success, the fact, that too many of us still boast 
of our practical knowledge, with a sidelong sneer at the assistance of 
science. It is rather more surprising, to observe the intense and all 
pervading interest manifested on various parts of the continent of Eu- 
rope, especially in Germany, on the sugar-beet and its important 
product, as it clearly shows that this learned people have received an 
impulse with the rest of the world, relative to more modern manufac- 
tures, or rather that the zeal with which scientific men have devoted 
themselves to the advancement of the arts, is now developing its effects 
on the mass of the community. The frequent questions asked relative 
to the making of beet-sugar, may be better answered by a concise de- 
scription of the superior method of extracting sugar from the dried beet, 
the main part of the account, being taken from Dingler Polytechnic 
Journal, for 1838, Bd. LXIX. The drawings in all their details will 
be umitted, and merely the general features of the process described. 

l. Cleansing.—They must be washed, to free them from the soil 
which adheres to them, and this may be executed in a simple tub, of 
on a larger scale, a vat, into which water flows. A convenient arrange- 
ment for this purpose, might be a net-work cylinder, slightly declining 
from a horizontal position, revolving under water, or through which 
water should abundantly flow. The beets coming out from the de- 
pressed end of the cylinder, will be perfectly clean. 

2. Culling.—“ They are next cut by a machine into long strips, ex- 
hibiting a square by a cross section, i. e. into long parallelopipeds, 
which is accomplished by a series of small knives attached to a sheet of 
iron, parallel to, and at short distances from each other, which frst 
make incisions as deep as the required thickness of the pieces, and are 
followed by a long knife, behind and at right angles to the smaller ones, 
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dy which the strips are separated.” The knife with the smaller 
ones, cut by a vertical motion, but there might be a greater econo- 
my of time, by bringing a series of these cutters on a wheel, and 
attaching the smaller knifes to the large one. suffering them to pro- 
ject a little below it, so that their incisions may be immediately 
followed by the edge of the long knife. 

3. Drying.— Various and simple arrangements have been de- 
vised, for drying the pieces thus cut, in all of which the principle 
consists in exposing them in thin iayers to a current of air, heated, to 
a temperature of between 100°. and 145°. Fah. ; for if below 100°. 
they are apt to ferment, and if above 145°. they are liable to de- 
composition. For this purpose they are placed on wire nets, in the 
form of drawers, to the depth of one or two inches, the drawers 
sliding in one over another, at the distance of three inches, to allow 
a free circulation of air. The drying chamber, or house, is heated, 
either by a hot air furnace, or by steam tubes. A better arrange- 
ment, however, and one requiring but little hand-labour, is a series 
of endless wire-nets, one over the other, and each passing around 
a roller at each end. The pieces are carried from the cutting ma- 
chine, on an endless cloth, up the highest of the nets, on which they 
fall, and are carried to the farthest end, by its constant motion, 
where they fall on the next lower endless net, which at this end 
projects beyond the uppermost, moving in the opposite direction on 
to the farther end of the second, which does not reach as far as 
the third, they are received on the latter, and again transported to 
its farther end, and thus, by moving alternately in opposite direc- 
tions, on the adjoining nets, they reach the lowest, from which they 
are thrown off ina dried, or sufficiently dried, state for use. These 
parallel nets are all in a chamber, heated by steam tubes from 
below ; lower openings in the apartment admitting cold and dry 
air, the upper ones above the nets, permitting the egress of the hot 
air, surcharged with vapour. After drying they are ground to 
powder. 

4. Sugar Extraction.—“ The saccharine matter may be extracted 
by pure water, but it is found to be more advantageous to add acid 
or lime to it. The former is preferable, and sulphuric acid the 
most convenient. To nine parts of water add two-thirds or three- 
fourths of a pr. ct. of sulphuric acid, (according to the amount of 
sugar in the beets,) and stir in four, or even more, parts of the pow- 
dered beet. The stirring should be continued until the acidulated 
water is absorbed, when the mass is subjected to pressure in bags ; 
the remaining mass is again treated with the same quantity of 
equally acid water, and pressed, but the liquid thus obtained, is 
used for the next fresh quantity of powder. The moistening and 
pressing are continued until al] the sugar is extracted. 

The portion first pressed out, is treated with a quantity of slaked 
lime, a little more than is sufficient to neutralize the acid, and the 
precipitation of sulphate of lime takes place fully at the tempera- 
ture of 165°. to 190°. Far. The clear liquid is drawn off and 
crystalyzed by the ordinary sugar-refining process.” 
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5. Theory.—Beside sugar, there are many other vegetable prin- 
ciples contained in the beet, of which gluten and albumen are the 
most injurious and difficult of management, but by drying they are 
rendered insoluble, and cease to be troublesome. It is also in con- 
sequence of the same operation, that less animal charcoal is required 
for purifying the sirop, than where the beets were not dried. 
Sulphuric acid renders more insoluble the gummy matter, and pro- 
bably decomposes a combination of a portion of the sugar, but as 
there are other acids also present, a little more lime is added to 
neutralize them, than is sufficient for saturating the sulphuric acid. 
The beet may contain from six to twelve pr. ct. of sugar, but much 
of it is lost in the process of manufacture. It is similar to that ob- 
tained from the sugar-cane, and is hence called cane-sugar, to 
distinguish it from other varieties, as raisin or starch-sugar, sugar 
of milk, &c. 


On Raisin Sugar, by J. C. Booru. 


When raisins have been exposed to the air for a length of time, 
small crystaline grains will be found upon and within them, which 
have a sweet taste, and are a species of sugar. The same kind 
may be made by the action of diastase, or sulphuric acid, on starch, 
and indeed starch-sugar, or rather starch-sirop is much used in 
parts of France and Germany. The process of manufacture is 3 
follows :— 

1. Conversion of the Starch. — One thousand parts of water are 
brought to the boiling point, in an open vessel of copper or lead, 
and fifteen parts of sulphuric acid added, previously diluted with 
thirty parts of water. When the fluids are well mingled, a cover is 
put on the vessel with a small opening inthe centre through which 
the starch is introduced. Four hundred and fifty to five hundred 
parts of dry starch, (or as much wet as contains that quantity, are put 
into the opening in the cover of the vessel, in very small portions 
at a time, so that the fluid may continue boiling, and not become 
thick. A few minutes after the last portion is added, the fire 18 
extinguished, and chalk is thrown in to neutralize the acid. The 
clear liquor is drawn off, when the sulphate of lime has deposited 
and filtered through ordinary sugar filters. It is then evaporated 
to one half its volume, twenty-five parts of animal charcoal stirred 
in with a little blood, boiled and filtered through Taylor's filtering 
apparatus. This is starch-sirop, from which s may be 
obtained, by evaporating to 40—45 9. Baumè and cooling. It forms 
a white, coarsely granular mass, from which the molasses may be 
separated in the ordinary manner. One hundred parts of dry 
starch, give one hundred and fifty parts of syrup, or about one 
hundred of dry sugar. 

2. The Theory of the Process.—The conversion of starch into 
sugar, by this process, is one of the most singular operations of 
chemistry, and has given rise to a new [doctrine in the science. 
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We perceive that by the operation on a large scale, they obtain an 
amont of sugar equal to that of the starch, but De Saussure ob- 
tained in a careful experiment, from one hundred of starch, one 
hundred and eleven of dry sugar. The sulphuric acid is un- 
changed, for there is the same amount remaining after tbe operation 
that was originally introduced ; nothing is absorbed from the 
air, nor is there any evolution of gas, for the operation may be 
conducted equally well in closed, or in open vessels. The starch 
alone has changed, and this change is effected by its taking up a 
certain quantity of water, or rather the elements of water, hydro- 
gen and oxygen. According to Saussure, one atom of starch takes 
up about two atoms of water. It appears then that the presence 
of sulphuric acid is sufficient to produce such an alteration among the 
elements of starch, that a new and different product results. For 
this reason and from many analagous facts, the French chemists 
give to this singular method of decomposition the name of presence ; 
Berzelius calls it catalysts, which signifies a decomposition by the 
interchange of the elements of a body among each other. The 
catalyctic influence of sulphuric acid then, is to convert starch into 
sugar, where water is present. All other acids will produce the 
same result, and the same kind of sugar may be obtained in a 
similar manner from other organic substances, such as linen, cot- 
ton, wood, &c. But the change is not immediate, for it is observed 
to convert the starch first into gum, and the gum into sugar. It is, 
however, not the mineral acids alone, that produce this effect, for 
an organic substance has been discovered in malt, which possesses 
the same power in a higher degree. This is diastase, which con- 
verts starch into gum (or dextrine) at a temperature of 150°. to 
160°. while the mineral acids require 185°. to 205°. One part of 
diastase will change two thousand parts of starch into dextrine, 
and at least one thousand parts into sugar, Through tne presence 
of diastase, therefore, or more properly by its catalytic influence, 
starch of wheat, potato, &c., is first changed into dextrine, and 
then into sugar; a highly interesting fact, as giving us a clearer 
view of the formation of gum and sugar in plants, and of the pro- 
cesses for manufacturing alchoholic liquids, which require the 
presence or formation of sugar, prior to their vinous fermentation. 

In concluding the above articles on the manufacture of two 
varieties of sugar, the following table of the amount of sugar con- 
sumed in Europe, m 1836, may not be uninteresting. It is extracted 
from Dingler’s Polyt. Jour. lxvii. p. 319. 
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i No. of millions o 
Kingdoms of Europe. Inhabitants. Sugar Ib. 


Englanßld . . . 164 
Ireland 8 

Franſde scccsccvecscoes 
Prussia. . 
Baral!ſ!k eee ea 
Switzerland .. .... scsecsee oseese 
Belgium E . 
Holland 
Denmark 
Sweden and Norway 
Spain EItᷣI(B(BB ceeeneaeoees 
Portugal ͥh 
Smaller German states 
Austria in the commercial 
union: dßsns‚ easiness 
Austria without commercial; 
union ed pinia 
Nil ³ ⁵ ⁵ ⁵ ⁵ ⁵ĩ?ê0 


Copal Varnish. 


The following method of preparing a copal-varnish, is not novel, 
but its simplicity and the superior quality of the product, may ren- 
der it acceptable to many of the readers of the Journal, 

Enclose coarsely-powdered copal in a linen rag, and hang it in 
the neck of a flask, or bottle, to such a depth that it cannot touch 
the spirits of wine, which is in the bottom of the vessel. Tie a 
piece of bladder over the mouth of the flask, and make a few per- 
forations with a pin, for the escape of a little alcoholic vapour. If 
the vessel be placed in a warm situation, thick and viscid drops of 
the copal, combined with alcohol, will slowly fall into the liquid be- 
low, and gradually dissolve, until the whole of the copal is extracted. 
When dissolved, the clear liquor may be decanted from a very 
small quantity of sediment, and it will prove a more transparent 
and beautiful varnish than can be procured by any other method. 
The same process is applicable to other difficultly soluble resins, 


and will be found useful where rapidity is not required. 
Ibid. 


Soda Manufacture in Hungary. 
Native carbonate of soda is found in greatest abundance in Little 
Cumania, particularly near Shegedin ; it likewise occurs in many 
other places, in greater or smaller quantity. It effloresces out of 
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the moist earth, forming a white crust, and in the spring of the 
year, before sunrise, appears like an extensive covering of snow. 
With greater care than they now employ, the workmen might 
readily gather it sufficiently pure for ordinary technical purposes 
by raking. The whole of the surface is gathered, and sold to the 
soda manufacturers, who distinguish its quality and richness, by the 
taste. It is leached in square vats, until the remainder ceases to 
have a saline taste. ‘The fluid is dark brown, and beside carbonate 
of soda, contains much sulphate and muriate of soda, humic acid, 
and other mechanical impurities. It is boiled down in a large 
sheet-iron pan, to a siropy consistence, transferred to an adjoining 
pan, and evaporated to dryness under constant stirring. The mass 
is of a dirty yellow, or brown, with white and black spots. It is 
gradually heated in a calcining furnace with the access of air, until 
vapors cease passing off, then fused at a higher temperature, and 
taken out, when partially cooled. A large portion is employed in 
the country itself, in the manufacture of soap, the remainder sold 
as raw calcined soda, as there is no manufacture for crystalizing it. 
If the demand for it were increased, the production of this salt: 
might be increased to three or four times the present amount, as 
the country contains numerous soda lakes. Beside Trieste, from 
which some of the productions of Hungary find their way to the 
American market, there is a port on the Adriatic; belonging exclu- 
sively to that kingdom, whence we might obtain at lower rates, 


the products of one of the most fertile countries of Europe. 
Ibid. 


On Galls in the Manufacture of Black Ink. 


Biue Aleppo galls are employed in great quantity, in the manu- 
facture of black ink, in consequence of the large amount of tannin 
they contain, nearly all of which, by a judicious management, is con- 
verted into gallic acid. Being greatly superior to oak bark in their 
content of tannin, they might be substituted for it in the process 
of tanning leather, were not their high price a serious impediment. 
They are excrescences en the leaf-stem of the quercus infectoria, 
growing in the Levant, and are producd by the incision of the 
female gall-wasp. There is, however, another kind of galls, the 
acorn of the quercus cerris, which receive « malformation from the 
incision of an insect, and produces a substance not unlike the 
Aleppo galls, but much more irregular, and with bold projecting 
points. They are found abundantly in Hungary, and the southern 
provinces of Austria, where they are employed indyeing and tan- 
ning, particularly in the latter art. They are known under the 
name of Knoppern in Germany, and Galles a lepine in France, and 
in the former country, are considered but little inferior to good 
Aleppo galls. A manufactory has been established at Vienna, for 
obtaining a solid extract from them, which has been successfully 
employed in dyeing dark colours, and in tanning. Either the 
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knoppern, or their extract, might be obtained at Trieste, and might 
prove a useful substitute for ordinary galls, whether in dyeing, or 
in the manufacture of ink. = 

a 


Assay of Gold. 


In the last number of the Journal, a new method of assaying 
gold, proposed by Lewis Thompson, Esq., is extracted from the 
London and Edinburgh Philosophical Magazine. It consists in 
adding to the gold assay-piece, an excess of silver, and then fusing 
the mass down with the chlorides of silver and of sodium, to fre- 
move the base metals. The silver is afterwards separated by nitric 
acid. “ By this plan,” says the author, the tedious process of 
cupellation is avoided.” 

It may not be unimportant to some of the readers of the Journa, 
to be informed, that Mr. Thompson’s plan differs from the usual 
one by cupellation, only in two particulars, in both of which the 
old process has manifestly the advantage. In this process, lead alone 
is used to remove the base metals, instead of the two chlorides, and 
it is simpler, perfectly effectual, and not subject to decrepitation. 
The second point of difference is that a cupel, composed of bone 
ashes, is used instead of a crucible ; and this cupel possesses the in- 
valuable property of absorbing the oxides of lead, and of the baset 
metals, and leaving a clean button, composed only of gold and 
silver. In the new process this advantage is not presented, and 
there will be grains to be separated from the crucible, as after the 
operation of fluxing ; thus adding not only to the labour of the 
process, but to the uncertainty of the result. We are therefore, 
led to the conclusion, that the process proposed by Mr. Thompson, 
is more complicated, more inaccurate, and even more “ tedious, 
than that now in universal use. 


Postscript. 


Sometime after the above article was communicated, an opportu- 
nity was taken of making trial of Mr. Thompson’s method of assay; 
and the results render it proper to modify, in some degree, the 
above remarks. The gold, the fine silver, and the chloride of 
silver, were melted together in a small crucible, and the button of 
gold and silver formedwas found to be much more perfect and better 
insulated than had been expected. Five assays were made, and the 
55 by the old and new piocess, expressed in thousandths, were 
as follows: 


No 1, by cupellation, 968 by Thompson's process 968.9 


2, 890 889 
3, as 936.5 ce 936.7 
4, 8 900 di 900.2 


5, 15 460 a 460 5 
This comparison of the two methods is certainly very satisfactory: 
the greatest difference being but one thousandth. 
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In employing Mr. Thompson's process, an evil was observed 
which had not been anticipated. It is, that a sensible portion of 
the chloride of silver is volatilized during the fusion, and conse- 
quently lost. To show this, the following statements of the first 
and last assays—being of the finest and basest specimens, are pre- 
sented. The weight 1000 is equal to between 7 and 8 grains. 


No. 1. Gold, with silver 1000: no copper 
Fine silver 2000 
Chloride of silver 2700==2037 fine silver 
5037 
Button of gold and silver after melting, 3088 
Loss of silver by the process, =1949 
No. 5. Gold with silver 494-++-copper 506 
Fine silver 1400 
Chloride of silver 3000 22260 fine silver 
4154 
Button after melting, 2580 
Loss of silver, 1754 


On the whole, though the new process is certainly not so good as 
that by the cupel, and is not likely ever to replace it where nu- 
merous assays are to be made, as at a mint, yet it is certainly better 
than was supposed when the above remarks were made, and it has 
the advantage, which is valuable under many circumstances, of not 


requiring a muffle furnace, or a cupel of bone ashes. 
Ibid. 


A Description of a New Form of Magneto-Electric Machine, and an 
Account of a Carbon Battery of considerable energy ; by OLIVER 
W. Gisss, member of the Junior Class of Columbia College, N. V. 


It is well known, that if a soft iron bar be wound with insulated wire 
and caused suddenly to approach and recede from the poles of a mag- 
net, temporary magnetism will be induced in the bar, and an electric 
current in the wire surrounding it. This fact led to the construction 
of the magneto-elcctric machine, the principle of which consists in al- 
ternately inducing and destroying magnetism in a bar similarly wound 
with large wire for sparks and deflagrations, and with small for shocks 
and chemical decompositions. About eight months since it occurred 
to me that a more simple machine than those commonly used (and 
which all I believe resemble that of Saxton) might be constructed 
My plan was, to take a bar of soft iron of say an inch in diameter by 
ten inches long, and to slide upon the middle a disk of brass of two 
inches radius. This would divide the bar into two parts, upon one of 
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which is to be wound three or four hundred feet of copper bell wire well 
insulated, and upon the other and separated from the first by the brass 
disk, about four times that length of fine wire, say Nu. 25. If now one 
extremity of the coarse wire be attached to one pole of the battery, and 
the communication between the other extremity and the other battery 
pole be alternately made and interrupted by means of a rasp or toothed 
wheel, magnetism will be induced and destroyed in the iron bar and 
consequently an electric current will circulate through the fine wire. 
The use of the brass disk is to prevent by means of a closed circuit, any 
immediate induction in the fine from the coarse wire, which would in- 
evitably take place were none interposed, and which would convert the 
instrument from a magneto-electric to an electro-magnetic machine. 

Since the above was devised, an obvious improvement has suggested 
itself. This is founded upon the fact that magnetism is strongest at the 
extremities of bodies; and consists simply in dividing the bar into 
three equal spaces by means of two disks of brass similar in size to the 
one already described. The central division is then to be wound with the 
coarse and the two outer or polar divisions with the fine wire, connect- 
ing the two outer helices in such a manner that they may form one long 
wire. The battery current is then to be passed through the coarse wire, 
and the connection made and interrupted as before by a rasp or other 
interrupting apparatus. As thus constructed, the instrument would 
produce effects similar to the common magneto-electric machine when 
used for shucks or decomposition. If it be desired to produce sparks 
and deflagrations, it would only be necessary to slide off the coils of 
fine wire {rom the poles, and to substitute in their stead others made of 
coarse wire of shorter length and then transmit and interrupt the cut- 
rent through the central coil as before. We should then have withins 
much smaller compass, an instrument capable of producing all the ef- 
fects of the common machine of Mr. Saxton, and by combining a num- 
ber of such bars we might form in a comparatively small compass å 
magneto-electric battery of great energy. Some of Dr. Page's beaull- 
ful interrupting apparatus might doubtless be used successfully with 
this instrument. As I have no opportunity to construct the instrument 
myself, I would suggest the trial, especially of the latter form of appara- 
tus, to any who may be interested in the subject. Should it succeed, 
its advantage would be its superior cheapness and power, (?) and the 
little space it would occupy. 

About the same time that the above instrument was devised, in look- 
ing over the list of substances which are capable of forming a galvanic 
circle together, I was struck with the much higher electro-negativeness 
of charcoal than of copper in relation to zinc ; there being but six sub- 
stances between zine and copper, while there are eleven between zinc 
and carbon, which, moreover, stands even higher than gold, and next 
below platina. Besides this, its excellent conducting power seemed 
particulary to qualify it to act as an electrometer. Accordingly, I was 
led to consider that it might form an excellent battery with zinc or it 
amalgam, and mentioned the opinion to Professor Renwick. I was 
however prevented from experimentally demonstrating its powers, until 
in the month of March I perceived in one of the foreign journals 4 
short account of a carbon battery which had been successfully tried in 
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England. I immediately constructed a small battery, consisting of 
only six pairs of zinc and bituminous coal, and arranged as a couronne 
des tasses. The zinc plates were an inch square, consequently there 
were only six inches of acting zinc surface ; the exciting liquid was di- 
luted sulphuric acid. With this battery pure water was easily and 
rapidly decomposed, though from not having platina electrodes, and 
from the want of a voltameter, the gas cullected was not measured. 
This experiment was witnessed by Mr. Schaeffer, assistant Professor of 
Chemistry in the College. To those who possess batteries of consider- 
able power, I would suggest the employment of some form of carbon 
for clectrodes in the place of platina. I hope soon to be able to present 
a series of experiments on the relative advantages of copper and carbon, 
especially in the case of the constant battery. 
New York, May 9, 1840. 


Electricity in Machinery; by A'zarian SMITH, jun. 


Messrs. Editors,—Having frequently heard persons employed 
in my father’s manufactory at Manlius, N. Y., speak of the deve- 
lopment of electricity by particular parts of the machinery, I was 
led by an article in the American Journal for (July ?) 1839, to the 
examination of the phenomena which furnished me with the fol- 
lowing facts; which you will please to publish if they add any- 
thing to the light already existing upon this subject. 

Upon approaching the machinery referred to, which was con- 
nected with the spinning apparatus, and near the centre of the 
manufactory, I observed fibres of cotton of all lengths up to six 
inches, extending out in different directions from one end of the 
spinning frames, and waving as if about to leave their resting 
place for a band two and a half inches broad, which moved the 
machinery and connected it with a drum seven feet above; the 
latter being moved by another drum fifteen feet distant, with 
which it was connected by a horizontal strap, seven inches in 
breadth. The two drums were of equal diameter, two feet and 
eight inches, but the wheel by which the spinning machinery was 
moved and a free pully by its side were only eight inches ; and 
consequently made two hundred and eighty-eight revolutions in a 
minute, while the former made seventy two. 

Beneath the horizontal strap, and four feet distant from it, the 
hair of the persons spinning was observed to be affected in a similar 
manner with the cotton, all the finer and more flexible fibres stand- 
ing directly upright. Upon placing small fibres of cotton from one 
to two feet distant from this strap, they would ascend to it, and 
adhering to its surface advance with it until within a short distance 
of the drum around which it passed, when they would fall off and 
slescend to the floor. Occasionally fibres would pass to and fro 
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between the band and the hand placed near it, and once or twice 
this latter phenomenon took place through a space of two or three 
feet. 

Upon slipping the narrow band from the wheel moving the 
machinery to the free pulley by its side, the electrical attraction of 
both the bands was observed to disappear, and this notwithsanding 
their motions were the same as before—in a moment, however, it 
was again manifested upon the spinning machine being set in 
motion by slipping the back upon the motor wheel. This latter 
phenomena led to an inquiry into the different circumstances of the 
band in the two cases, when the idea was suggested that the wheel 
and the free pulley might be made of materials possessing different 
conducting power, but this a machinist of the manufactory in- 
formed me was not the case, both being made of iron and covered 
with leather. The friction of the spinning machinery, and of the 
motor wheel upon its axis, which were present jin one, but ab- 
sent in the other case, was the next difference suggested to account 
for the change, but as the axes of all parts of the machinery were 
made of iron and connected with iron frame-work, it was concluded 
that friction here would have no tendency to accumulate electricity. 
Upon watching the broad horizontal band at the moment the nar- 
row one was slipped from the motor wheel upon the free pulley, 
the part of it connecting the upper part of the drums was observed 
to relax, while that connecting their lower surfaces, from being 
curved downwards by its weights became porao tense. In 
the first case, the upper part of the band was made tense by the 
great amount of friction in the machinery which it had to overcome, 
and of course, the friction of the band upon the drums was in- 
creased in the same ratio. But when the free pully only was 
turned, the friction to be overcome, and consequently that of the 
hands, was much diminished; and this increased amount of fric- 
tion of the bands upon the drums in the first case, is to be referred 
to as the exciting cause of the electricity. 

From this statement you will observe that there was no friction 
of the bands upon each other as is mentioned in the article referred 
to above, since the Lorizontal bands were parallel, and the vertical 
ones eight inches apart at their nearest approximation. In another 
part of the manufactory, however, two portions of a band were 
observed which were crossing and rubbing upon each other, but 
their friction was attended with no observable electrical effects. 
At this time however the band was passing around a free pulley ; 
I was therefore led to inquire as to its electrical state during the 
motion of its machinery, and ascertained that its attractive power 
for cotton, &c. at such times was as great as in that of the bands 
already spoken of. 

Although these facts do not authorize us to dispute those in 
Mr. article, yet they naturally suggest the question whether 
the electricity in that case was not excited by the friction of the 
band upon the wheels rather than upon each {other,Sand if so, 
whether the apparefit difference between the bands below their 
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junction and above was not in reality caused by the application of 
the jar, in the one case to a tense, and in the other to a relaxed 
portion of the band. 


Not being intimately acquainted with the action of electrical 
apparatus in different circumstances, | am unable to say whether 
increased pressure of the whole flap of the common machine upon 
the cylinder would materially increase the amount of electricity 
developed, but trom the above facts, as well as the nature of the 
case, I should suppose it would, and if so, the circumstance pro- 
perly attended to in the construction of electrical machines, would 
render them, ceteris paribus, much more powerful. 


Human Fossil, alleged to be Antediluvian. 


A discovery of an interesting nature, which, it is said, has 
recently been made in Belgium, at this moment invites the inspec- 
t on of the scientific and the curious at a house in Leicester-square. 
It has been laid down by Cuvier, and received as an axiom in 

eology, that the bones of the inferior animals alone were to be 
un in a fossil state, and that those of man were invariably 
wanting; a theory whose tendency militated against the Mosaic 
account of the creation. In the science of geology there is conse- 
quently no problem whose solution offers greater interest than that 
which depends on the existence or absence of the human antedilu- 
vian fossil. This question has now, to all appearance, been set at 
rest by the discovery lately made (?) of the fossil remains of a child, 
which were found embedded in silex, in a chalk quarry at 
Diehgen, near Brussels. We understand the proprietor of the 
fossil has requested the attendance of the Marquis of Northampton, 
and several members of the geological society, to inspect and test 
it with the most minute scrutiny. The result of this inspection 
must be decisive of its claims to antediluvian origin. The appear- 
ance which it presents is that of the head and trunk of an infant, 
completely formed, but apparently much compressed. The head 
is perfect—the nape of the neck, the articulations of the vertebre, 
the bones of the throat, the chest, shoulders, and parts of the arms 
equally so, and the ribs are distinctly visible. The right arm is 
broken short off by the shoulder ; the left, which is unmutilated, 
adheres to the side, and is sunk into it. The lower extremities are 
indistinct, being thrown up into a circular mass below the abdomen. 
From a section of the lower part, which was accidentally made in 
its discovery, the formation of flint, in which it was preserved, is 
at onee apparent, and on its surface portions of the bones are clearly 
to be traced. | 
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An Aurora Borealis of considerable magnitude and‘brilliancy, but 
attended with no peculiarity, was seen here from seven till eleven o'clock 
on Monday evening the 19th instant. It consisted principally of a 
strong, steady light in the northern heavens, with the usual black, foggy 
nucleus below; and of many fine streamers which were displayed at 
different times during its appearance. The colour of both streamers 
and steady light was of a misty white. 

W. STURGEON. 
Manchester, October. 


ANSWERS TO CORRESPONDENTS. 


Ist. The electro-magnetic engine with the rotating disc can never 
be an effective one; und we would advise our correspondent not to 
loose any time in making engines on that principle. 


2nd. Magnetic-electrical machines, having soft iron magnets instead 
of permanent ones, have long been before the public. Our correspon- 
dent may see several of them at Watkins and Hill's Establishment, ö, 
Charing Cross. 


3rd. We do not see that Mr. Uriah Clarke has omitted any part of 
the description of his electro-magnetic carriage, excepting, perhaps, 
some wheel, or wheel and pinion inside. He has given the kind 
extent of his batteries; and has also stated that “the carriage is pro- 
pelled by an arrangement of machinery on the reciprocating principle; 
and this reciprocating principle was previously, described in the Annals 
for July last. (See vol. 5, p. 33. fig. 3, plate 1 If there be any wheel 
and pinion in the arrangement, the pinion will be on the axle of the 
fly wheel, and the wheel in which it works on one of the axles of the 
travelling wheels, Hence the fly wheel will make more revolutions 
than the travelling wheel. | 


The Daguerreotype plates may be viewed to advantage by means of 
either a convex lens, or a spherical concave mirror. If the plate be 
held before the mirror, and the eye a little above the plate, the effect is 
very beautiful. 
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Wishing at all t'mes to comply with the solicitations of our subscribers, we have now under- 
taken to write a series uf familiar, and we hope, instructive lectures on the various branches of 
Electricity und Magnetism; including Mechanical- Electricity. Galvanic-Electricity, Voltaic- 
Electricity, Thermo-Electricity, Magnetic-E .ectricity, Magnetism, Electro-Maguetism, aud Elec- 
tru-Chemistry. 

We are aware, that this undertaking is an arduous task, but being anxious to give every 
assistance in our power to umateur experimenters, and to rener the“ Annals” still more gene- 
rally useful than heretofore, we are iu hopes that, by introducing this novel feature into the 
work, much ing y be accomplished by assisting those of our readers who, iu consequence of the 
defective condition of onr old standard works, and the imperfections aud palpab'e absurdities 
which later writers have introduced to their productions on these subjects, may be without any 
Other guide in conducting their experimental inquires 


We are well aware of “the lamentable defect inthis kind of knowledge which has recently 


been elicited in a quarter where one would least have expected it, as observed by a correspon- 
dent. And. probably a few close discussions might be the means of developing the talents of 
the elite of British electricians: for, although silence may possibly be a wisdo in some of them 
who have had fair opportunities of exercising their puissance iu support of their pretended dis- 
ooveries, their declining to enter the lists is uo favourable interpretation of their claims to 
public erede nce.” i 


LECTURE I. 


In introducing these lectures to the readers of che Annals of 
Electricity, Magnetism, and Chemistry, &c.,” as they are intended 
principally for the instruction of amateur experimenters, it will be 
necessary to avoid, as much as possible, all those phrases and tech- 
nicalities which not only puzzle, but absolutely mislead, even those 
who have, in their own estimation, much higher pretensions to a 
knowledge of such fashionable appendages to scientific literature, 
than the persons for whose instruction these lectures are intended ; 
and to whom, therefore, I shall address myself with freedom, and 
in the plainest Janguage that the present state of these subjects 
appear to me to be capable of admitting. I do not, however, wish 
to enter into any engagement that would limit my labours to the 
humble task of a mere detail of facts, without linking them together 
in some theoretical system or systems of physical laws; because 
one of my objects is to trace to the same operations of nature, those 
facts, and those only, which are easily, and not otherwise, explained, 
by that code of laws which governs the display of one peculiar 
class of phenomena. And not to encumber any theoretical system 
with those phenomena to which they do not appear to belong: but 
to explain each class of phenomena by its own peculiar code of 
laws; or if you please, by its own peculiar theory. Hence it is 
that I shall be expected to be explicit on every point on which I 
touch, both experimental and theoretical, and either undertake to 
explain al] those experimental facts which I may consider necessary 
to bring forward, or candidly acknowledge that they are inexpli- 
cable upon the theorctical principles which I advance. 

It will here be necessary to enter into certain conditions with 
my readers, respecting some of those theoretical points, which to 
many philosophers, even of the present day, appears to be some- 
what doubtful: though I believe the opinions of many others are 
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favourable to those theoretical views by which J propose to be 
guided. 

I wish to be understood then, before I proceed any farther, that, 
besides those recognised portions of matter which appear to be 
the principal part of the materials which constitute the earth and 
its atmosphere, such as the various kinds of solids and fluids which 
usually receive these general appellations, there are, at least, three 
others, whose reciprocal actions on each other, and whose peculiar 
operations on the former classes of bodies, are productive of the 
most surprising, and, in our present state of physical knowledge, 
the most interesting phenomena that nature has revealed to man. 
These are the elcctric malter ;—the magnetic matter ;—and the 
calorific matter ; each of which I shall consider as a distinct ele- 
ment, possessing peculiarities of force and modes of action, and 
exhibiting phenomena which nv other kind of matter has the power 
of displaying. They, however, operate on one another in a very 
remarkable manner, by their peculiar reciprocal excitations, and 
are thus productive of phenomena which have led some philoso- 
phers to the belief of their complete identity. 

The fineness and subtilty of the electric, the magnetic, and the 
calorific particles, lead us to infer that they insinuate themselves 
into the pores of all other kinds of terrestrial matter; and their in- 
activity, when unmolested in these their natural habitations, is ob- 
viously a consequence of the equilibriums of their respective forces, 
when in an undisturbed state. So long, therefore, as these natural 
equilibriums remain unmolested, all of these material agents are 
perfectly inactive and exhibit no phenomenon whatever. Hence it 
is, that some exciting process becomes absolutely necessary before 
any of their respective phenomena can be produced. The pro- 
cesses of excitation which may be employed for bringing these 
agencies into a state of activity are exceedingly various, as I shall 
have occasion to show in many parts of these lectures ; but for the 
present, it will be sufficient that I describe one simple mode only, 
of exciting each individual agent, by means of which, certain phe- 
nomena of each class may very easily be brought to pass. 

If you take a stick of sealing wax, and, without any preparation, 
present it to any very light article, such as small feathers, bits of 
thin paper, &c. placed either on a table, book, or a dish, &c., you 
will not perceive any action whatever exercised by the wax on these 
light bodies. In this case you may easily imagine, that there is a 
complete electrical equilibrium in the body and on the surlace of 
the sealing wax ; and also in the light articles to which it was pre- 
sented : and that it is in consequence of this equilibrium that the 
electric matter is perfectly inert, and will not act upon the light 
bodies which you had prepared. I wish it to be understood, how- 
ever, that, although the electric forces of the wax had not a sufficient 
degree of intensity to cause a disturbance im the light bodies, it is 
still possible, that there might not be an absolute uniformity in the 
es of the electric matter, either on the wax or on the other 

les. 
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Now warm the stick of sealing-wax, taking care not to heat it too 
much; and then rub it on the sleeve of your coat. 

By this simple process you have disturbed the previous electric 
equilibrium of the sealing-wax, and caused the electric forces to 
become sufficiently active to produce motion in the light bodies to 
which you now may present the stick. They will rise up and cling 
to the wax, often changing their positions on its surface, and some- 
times they will be suddenly thrown off again to a neighbouring 
body, to which they will attach themselves for a sbort time, and 
again jump back again to the sealing-wax; again leave it, and 
again return; and so on for several times before the action ceases. 
These motions of the light bodies are electric phenomena; and may 
be repeated many times by renewing the activity of the electric 
forces, by again rubbing the dry and warm sealing-wax on the 
sleeve of your coal. 

If you prefer a piece of dry woollen cloth to the sleeve of your 
coat, you may rub the sealing-wax with it with the same effect. Or 
you may use a piece of dry and warm flannel to rub your wax 
against ; or the fur side of a hare-skin, or a rabbit-skin, which is, 
perhaps, better than any of the previously named substances. But 
whatever you may choose to rub the sealing-wax with, let me ad- 
vise you to have it warm and dry, because much of your success 
in the experiment will depend on those conditions of both the rub- 
bing substance and the sealing-wax. 

It will now be proper to inform you that the motions which the 
light bodies make towards the sealing-wax are considered to be the 
effect of an electrical attraction, exerted between them and the wax; 
and their motions from the wax are considered to be due to an elec- 
trical attraction exerted between them and the body to which they 
fly, and for a while attach themselves. Besides the force of elec- 
trical attraction, there is also a force of electrical repulsion, to which 
I shall solicit your attention more particularly in due coarse as we 
proceed. j 

There are many other bodies which exhibit this class of electrical 
phenomena, by treating them in the manner I have described for 
sealing-wax. Such is the case with amber, sulphur, &c. If you 
use a glass tube for the exhibition of these electrical phenomena, it 
will also require to be warm and dry, not only on the outer sur- 
face, but on the inner surface also; and the rubbing substance 
ought to be soft silk. A piece of old black silk answers as well as 
any thing. The rubbing process, in all these cases, whatever may 
be the nature of the articles employed, is called e rcitation 

When your sealing wax, or glass tube is well excited, and held 
at a short distance above the light bodies, the latter may be made 
to produce rapid motions to and fro, and dance on the table as if 
animated, by the active electric forces to which they are exposed. 
If you place your light bodies on a pewter or a silver plate, or on 
any metallic flat surface, their dancing motions will be more lively 
than when placed on any other kind of material: and if you touch 
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the metallic plate with one of your fingers, the activity of the mo- 
tions will be considerably improved. 

I will now solicit your attention to a simple mode of producing 
magnelic phenomena, which I consider to emanate from the ener- 
gies of an agent perfectly distinct from the electric. You must 
allow me to suppose that you are already acquainted with an instru- 
ment called the magnetic needle ; it is sometimes called the compass 
needle; and when supported on a finely pointed pivot, so as to 
rest on a horizontal plane, one of its ends, in these latitudes, points 
towards the north, inclining a little towards the west of thut point; 
and its other extremity, consequently, points a little to the east of 
the true south. In many other parts on the earth’s surface, the 
direction in which the magnetic needle places itself when at rest, 
relatively to the geographical meridian, is very different to that in 
which it reposes in this country. But in every, part of the world it 
is subject to certain influences which are capable of communicating 
to it peculiar motions, ard placing it stedfastly in other positions 
than those which it assumes when no such local influences are 
present. 

if, after the magnetic ncedle has come to rest, you were to turn 
it on its pivot with your finger, so as to point to some other querter 
of the world, and then take your finger away from it, the needle 
would commence a series of movements which would terminate by 
its settling again in its former position; showing that, by the opera- 
tion of some hidden force or agency, the needle had a greater ten- 
dency to repuse in one direction than in another; which, in England, 
and in many other countries, is more near to the meridian than to 
a line placed east and west; or to a circle of latitude at that place. 
With respect to the cause of this peculiar tendency of the needie 
to place itself in a north and south direction, I can only say, in this 
place, that it is so completely under the control of the magnetic 
forces of the earth, that they alone are supposed to constrain 
it to assume that particular direction; but why the earth is 
magnetic, and why its magnetic forces should be so situated as to 
operate on the needle in that peculiar manner, are matters which 
philosophers have not yet determined. There are, however certain 
laws of magnetic action which are well known, and which I will 
explain in a future lecture, my object at present, being that of 
showing the simplest, and most easily produced specimens of the 
tbree grand classes of phenomena which are so eminently conspi- 
uous in nature, and so easily distinguished from each other. 

Perhaps the simplest process for bringing the calorific matter 
from a state of inactive repose to a state of such activity as to pro- 
duce ignition and fire, would be that of striking flint against har- 
dened steel, and thus igniting detached particles of the metal, 
which in their turn. would ignite gunpowder, tinder, &c. In this 
case the calorific matter, which, previous to the collision of the 
Aint and steel, was pertectly inactive, has, by the operation, be- 
come suddenly compressed into a smaller compass than that which 
it previously occupied, and becomes active fire in the condensed 
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state it is made to assume by the blow that is given to it by the 
flint and the ‘steel. The blacksmith makes a nail red hot, by 
giving a few smart blows with a hammer; and the Indian obtains 
fire by rubbing two blocks, of wood against each other. These, 
and many other mechanical processes, are productive of fire, by 
calling into action the calorific matter which, previously, was so 
perfectly inert, as to be incapable of igniting the most inflammable 
matter. In some chemical compounds this latent calorific matter 
is so susceptible of activity by mechanical operations, that it re- 
quires extreme caution to prevent their ignition, even during the 
necessary processes of preparing them, and transferring them from 
one vessel to another. 

In the course of these lectures I shall have occasion to show 
that an active portion of the electric matter, has the power of dis- 
turbing an inactive portion, and thus causing it to become active 
also. Active portions of the electric matter will also disturb other 
active portions of it, and become productive of very interesting 
phenomena. Active magnetic matter is also productive of its own 
class of phenomena, by the operation of its peculiar forces on other 
portions of matter of its own kind: such, also, is the case with the cal- 
orific matter; for one portion will disturb another portion, and 
thus become the exciting cause for the display of other calorific 
phenomena. Moreover, these distinct kinds of matter have the 
power of reciprocally operating on one another, in such a manner 
as to become the existing agents for,the display of each others 
phenomena. Hence, it is that we employ the terms electro-mag- 
nelism —magnetic-elcclricily,—‘hermo-eletcricity, &c., the adjective 
in each expression implying the exciting agent, and the noun the 
character of the phenomena produced. I shall also have to employ 
the terms galvanic-electricity and voltatc-electricity, all of which 
terms I shall endeavour to explain in their proper places as I 


proceed. 
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§ 20. Nature of the electric force or forces. 


1667. The theory of induction set forth and illustrated in the 
three preceding series of experimental researches does not assume 
anything new as to the nature of the electric force or forces, but 
only as to their distribution. The effects may depend upon the 
association of one electric fluid with the particles of matter, as in 
the theory of Franklin, Epinus, Cavendish, and Mossotti ; or they 
may depend upon the association of two electric fluids, as in the 
theory of Dufay and Poisson ; or they may not depend upon any- 
thing which can properly be called the electric fluid, but on vibra- 
tions or other affections of the matter in which they appear. The 
theory is unaffected by such differences in the mode of viewing the 
nature of the forces; and though it professes to perform the im- 

rtant office of stating how the powers are arranged (at least in 
inductive phenomena), it does not, as far as I can yet perceive, 
supply a single experiment which can be considered as a distina 
guishing test of the truth of any one of these various views. 

Vol. V.—No. 30, December, 1840 3D 
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1668. But, to ascertain how the forces are arranged, to trace 
them in their various relations to the particles of matter, to deter- 
mine their general laws, and also the specific differences which 
occur under these laws, is as important as, if not more so than, to 
know whether the forces reside in a fluid or not; and with the 
hope of assisting in this research, I shall offer some further develop- 
ments, theoretical and experimental, of the conditions under which 
I suppose the particles of matter are placed when exhibiting induc- 
tive phenomena. 


1669. The theory assuines that all the particles, whether of 
Wsulating or conducting matter, are as wholes conductors. 


1670. That not being polar in their normal state, they can be- 
come so by the influence of neighbouring charged particles, the 
polar state being developed at the instant, exactly as im an insu- 
lated conducting mass consisting of many particles. 


1671. That the particles when polarized are in a forced state, 
and tend to return to their normal or natural condition. 


1672. That being as wholes conductors, they can readily be 
charged, either bodily or polarly. 


1673. That particles which being contiguous are also in the 
line of inductive action can communicate or transfer their polar 
forces one to another more or less readily. 


1674. That those doing so less readily require the polar forces 
to be raised to a higher degree before this transference or cummu- 
nication takes place. 


1675. That the ready communication of forces between conti- 
guous particles constitutes conduction, and the difficult communica- 
tion insulation; conductors and insulators being bodies whose 
particles naturally possess the property of communicating their 
respective forces easily or with difficulty ; having these differences 
just as they have differences of any other natural property. 


1676. That ordinary induction is the effect resulting from the 
action of matter charged with excited or free electricity upon insu- 
lating matter, tending to produce in it an equal amount of the 
contrary state. 


1677. That it can do this only by polarizing the particles con- 
tiguous to it, which perform the same office to the next, and these 
again to those beyond; and that thus the action is propagated 
from the excited body to the next conducting mass, and there 
renders the contrary force evident in consequence of the effect of 
communication which supervenes in the conducting mass upon the 
polarization of the particles of that body (1675.). 


1678. That therefore induction can only take place through or 
across insulators ; that induction is insulation, it being the neces- 
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sury consequence of the state of the particles and the mode in 
which the influence of electrical forces is transferred or transmitted 
through or across such insulating media. 


1679. The particles of an insulating dielectric whilst under in- 
duction may be compared to a series of small magnetic needles, or 
more correctly still to a series of small insulated conductors. If 
the space round a charged globe were filled with a mixture of an 
insulating dielectric, as oil of turpentine or air, and small globular 
conductors, as shot, the latter being at a little distance from each 
other so as to be insulated, then these would in their condition and 
action exactly resemble what I consider to be the condition and 
action of the particles of the insulating dielectric itself (1337). If 
the globe were charged, these little conductors would all be polar ; 
if the globe were discharged, they would all return to their normal 
state, to be polarized again upon the recharging of the globe. The 
state developed by induction through such particles on a mass of 
conducting matter at a distance would be of the contrary kind, and 
exactly equal in amount to the force in the inductric globe. There 
would be a lateral diffusion of force (1224. 1297.), because each 
polarized sphere would be in an active or tense relation to all those 
contiguous to it, just as one magnet can affect two or more mag- 
netic needles near it, and these again a still greater number beyond 
them. Hence would result the production of curved lines of in- 
ductive force it the inducteous body in such a mixed dielectric were 
an uninsulated metallic ball (1219, &c.) or other properly shaped 
mass. Such curved lines are the consequences of the two electric 
forces arranged as I have assumed them to be: and, that the in- 
ductive force can be directed in such curved lines is the strongest 
proof of the presence of the two powers and the polar condition of 
the dielectric particles. 


1680. I think it is evident, that in the case stated, action at a 
distance can only result through an action of the contiguous con- 
ducting particles. There is no reason why the inductive body 
should polarize or affect distant conductors and leave those near it, 
namely the particles of the dielectric, unaffected: and everything 
in the form of fact and experiment with conducting masses or par- 
ticles of a sensible size contradicts such a supposition. 


1681. A striking character of the electric power is that it is 
limited and exclusive, and that the two forces being always present 
are exactly equal in amount. The forces are related in one of two 
ways, either as in the natural normal condition of an uncharged 
insulated conductor ; or as in the charged state, the latter being a 
case of induction. x 


1682. Cases of induction are easily arranged so that the two 
forces being limited in their direction shall present no phenomena 
or indications external to the apparatus employed. Thus, if a 
Leyden jar, having its external coating a little higher than the in- 
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ternai, b> charged and then its charging ball and rod removed, 

such jar will present no electrical appearances so long as its outside 
is uninsulated. The two forces which may be said to be in the 
coatings, or in the particles of the dielectric contiguous to them, are 
entirely engaged to each other by induction through the glass ; 
and a carrier ball (1181.) applied either to the inside or outside of 
the jar will show no signs of electricity. Butif the jar be insulated, 
and the charging ball and rod, in an uncharged state and suspended 
by an insulating thread of white silk, be restored to their place, 
then the part projecting above the jar will give electrical indications 
and charge the carrier, and at the same time the outside coating of 
the jar will be found in the opposite state and mductric towards 
external surrounding objects. 


1683. These are simple consequences of the theory. Whilst the 
eharge of the inner coating could induce only through the glass 
towards the outer coating, and the latter contained no more of the 
contrary force than was equivalent to it, no induction external to 
the jar could be perceived ; but when the inner coating was ex- 
tended by the rod and ball so that it could induce through the air 
towards external objects, then the tension of the polarized glass 
molecules would, by their tendency to return to the normal state, 
fall a little, and a portion of the charge passing to the surface of 
this new part of the inner conductor, would produce inductive 
action through the air towards distant objects, whilst at the same 
time a part of the force in the outer coating previously directed 
inwards would now be at liberty, and indeed be constrained to in- 
duct outwards through the air, producing in that outer coating 
what is sometimes called, though I think very improperly, free 
charge. If a small Leyden jar be converted into that form of 
posses usually known by the name of the electric well, it will 
illustrate this action very completely. 


1684. The terms free charge and dissimulated electricity convey 
therefore erroneous notions if they are meant to imply any differ- 
ence as to the mode or kind of action. The charge upon an in- 
sulated conductor in the middle of a room is in the same relation 
to the walls of that room as the charge upon the inner coating of a 
Leyden jar is to the outer coating of the same jar. The one is not 
more free or more dissimulated than the other ; and when sometimes 
we make electricity appear where it was not evident before, as upon 
the outside of a charged jar, when, after insulating it, we touch 
the inner coating, it is aly: because we divert more or less of the 
inductive force from one direction into another; for not the slightest 
change is in such circumstances impressed upon the character or 
action of the force. 


1685. Having given this general theoretical view, I will now 
notice particular points relating to the nature of the assumed electric 
polarity of the insulating dielectric particles. 
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1686. The polar state may be considered in common induction 
as a forced state, the particles tending to return to their normal 
condition. It may probably be raised to a very high degree by 
approximation of the inductric and inducteous bodies or by other 
circumstances ; and the phenomena of electrolyzation (861. 1652. 
1706.) seem to imply that the quantity of power which can thus be 
accumulated on a single particle is enormous. Hereafter we may 
be able to compare corpuscular forces, as those of gravity, cohesion, 
electricity, and chemical affinity, and in some way or other from 
their effects deduce their relative equivalents ; at present we are not 
able to do so, but there seems no reason to doubt that their elec- 
trical, which are at the same time their chemical forces (891. 918.), 
will be by far the most energetic. 


1687. I do not consider the powers when developed by the 
polarization as limited to two distinct points or spots on the surface 
of each particle to be considered as the poles of an axis, but as 
resident on large portions of that surface, as they are upon the 
surface of a conductor of sensible size when it is thrown into a 
polar state. But it is very probable, notwithstanding, that 
the particles of different bodies may present specific differences in 
this respect, the powers not being equally diffused though equal 
in quantity ; other circumstances also, as form and quality, giving 
to each a peculiar polar relation. It is perhaps to the existence} of 
some such differences as these that we may attribute the specific 
actions of the different dielectrics in relation to discharge (1394. 
1508.) Thus with respect to oxygen and nitrogen singular con- 
trasts were presented when spark and brush discharge were made 
to take place in these gases, as may be seen by reference to the 
Table in paragraph 1518 of the Thirteenth Series ; for with nitro- 
gen, when the small negative or the large positive ball was rendered 
inductric, the effects corresponded with those which in oxygen were 
produced when the small positive or the large negative ball was 
rendered inductric. 


1688. In such solid bodies as glass, lac, sulphur, &c., the parti- 
cles appear to be able to become polarized in all directions, for a 
mass when experimented upon so as to ascertain its inductive 
capacity in three or more directions (1690.), gives no indication of 
a difference. Now as the particles are fixed in the mass, and as the 
direction of the induction through them must change with its 
change relative to the mass, the constant effect indicates that the 
can be polarized electrically in any direction. This accords wit 
the view already taken of each particle as a whole being a con- 
ductor (1669.), and, as an experimental fact, helps to confirm 
that view. | 


1689. But though particles may thus be polarized in any direc- 
tion under the influence of powers which are probably of extreme 
energy (1686.), it does not follow that each particle may not tend 
to polarize to a greater degree, or with more facility, in one direc- 
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tion than another; or that different kinds may not have specific 
differences in this respect, as they have differences of conducting 
and other powers (1296. 1326. 1395). I sought with great anxiety 
for a relation of this nature; and selecting crystalline bodies as 
those in which all the particles are symmetrically placed, and there- 
fore best fitted to indicate any result which might depend upon 
variation of the direction of the forces to the direction of the par- 
ticles in which they were developed, experimented very carefully 
with them. I was the more strongly stimulated to this inquiry by 
the beautiful electrical condition of the crystalline bodies tourmaline 
and boracite, and hoped also to discover a relation between electric 
polarity and that of crystallization, or even of cohesion itself (1316.). 
My experiments have not established any connexion of the kind 
sought for. But as I think it of equal importance to show eitber 
that there is or is not such a relation, I shall briefly describe the 
results. 


1690. The form of experiment was as follows. A brass ball 0:73 of 
an.inch in diameter, fixed at the end of a horizontal brass rod, and 
that at the end of a brass cylinder, was by means of the latter con- 
nected with a large Leyden battery (291.) by perfect metallic 
communications, the object being to keep that ball, by its connexion 
with the charged battery inan electrified state, very nearly uniform, 
for half an hour at a time. This was the inductric ball. The 
inducteous ball was the carrier of the torsion electrometer (1229. 
1314); and the dielectric between them was a cube cut from a 
crystal, so that two of its faces should be perpendicular to the 
optical axis, whilst the other four were parallel to it. A small 
projecting piece of shell-lac was fixed on the inductric ball at that 
part opposite to the attachment of the brass rod, for the purpose of 
preventing actual contact between the ball and the crystal cube. 
A coat of shell-lac was also attached to that side of the carrier ball 
which was to be towards the cube, being also that side which was 
furthest from the repelled ball in the electrometer when, placed ¿in 
its position in that instrument. The cube was covered with a thin 
coat of shell-lac dissolved in alcohol, to prevent the deposition of 
damp upon its surface from the air. Jt was supported upon a 
small table of shell-lac fixed on the top of a stem of the same sub- 
stance, the latter being of sufficient strength to sustain the cube, 
and yet flexible enough from its length to act as a spring, and 
allow the cube to bear, when in its place, against the shell-lac on 
the inductric ball. 


1691. Thus it was easy to bring the inducteous ball always to 
the same distance from the inductric ball, and to uninsulate and 
insulate it again in its place; and then, after measuring the force 
in the electrometer (1181.), to return it to its place opposite to the 
inductric ball for a second observation. Or it was easy by revalv- 
ing the stand which supported the cube to bring four of its faces 
in succession towards the inductric ball, and so observe the force 
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when the lines of inductive action (1904. ) coincided with, or were 
transverse to, the direction of the optical axis of the crystal. Gene- 
rally from twenty to twenty-eight observations were made in suc- 
cession upon the four vertical faces of a cube, and then an average 
expression of the inductive force was obtained, and compared with 
similar averages obtained at other times, every precaution being 
taken to secure accurate results. 


1692. The first cube used was of rock crystal; it was 0°7 of an 
inch in the side. It presented a remarkable and constant differ- 
ence, the average of 110t less than 197 observations, giving 100 for 
the specific inductive capacity in the direction coinciding with the 
optical axis of the cube, whilst 93°59 and 93:31 were the expres- 
sions for the two transverse directions. 


1693. But with a second cube of rock crystal corresponding 
results were not obtained. It was 0°77 of an inch in the side. 
The average of many experiments gave 100 for the specific induc- 
tive capacity coinciding with the direction of the optical axis, and 
98:6 and 9!)°92 for the two other directions. 


1694. Lord Ashley, whom I have found ever ready to advance 
the cause of science, obtained for me the loan of three globes of 
rock crystal belonging to Her Grace the Duchess of Sutherland 
for the purposes of this investigation. Two had such fissures as to 
render them unfit for the experiments (1193. 1698.). The third, 
which was very superior, gave me no indications of any difference 
in the inductive force for different directions. , 


1695. I then used cubes of Iceland spar. One 0'5 of an inch 
in diameter gave 100 for the axial direction, and 98:66 and 95°74 
for the two cross directions. The other, 0'8 of an inch in the side, 
gave 100 for the axial direction, whilst 101°73 and 10186 were the 
numbers for the cross direction. . 


1696. Besides these differences there were otl.ers, which I do 
not think it needful to state, since the main point is not confirmed. 
For though the experiments with the first cube raised great ex- 
pectation, they have not been generalized by those which followed. 
I have no doubt of the results as to that cube, but they cannot as 
yet be referred to crystallization. There are in the cube some 
faintly coloured layers parallel to the optical axis, and the matter 
which colours them may bave an influence; but then the layers are 
also nearly parallel to a cross direction, and if at all influential 
should show some effect in that direction also, which they did not. 


1697. In some of the experiments one half or one part of a cube 
showed a superiority to another part, and this I could not trace to 
any charge the different parts had received. It was found that the 
varnishing of the cubes prevented any communication of charge 
to them, except (in a few experiments) a small degree of the nega- 
tive state, or that which was contrary to the state of the inductric 
ball (1564. 1566.). 
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1698. I think it right to say that, as far as I could perceive, the 
insulating character of the cubes used was perfect, or at least so 
nearly perfect, as to bear a comparison with shell-lac, glass, &c. 
(1255.). As to the cause of the differences, other than regular 
crystalline structure, there may be several. Thus minute fissures 
in the crystal insensible to the eye may be so disposed as to produce 
a sensible electrical difference (119%.). Or the crystallization may 
be irregular ; or the substance may not be quite pure; and if 
we consider how minute a quantity of matter will alter greatly 
the conducting power of water, it will seem not unlikely that a 
little extraneous matter diffused through the whole or part of a 
cube, may produce effects sufficient to account for all the irregula- 
rities of action that have been observed. 


1699. An important inquiry regarding the electrical polarity of 
the particles of an insulating dielectric, is, whether it be the mole- 
cules of the particular substance acted on, or the component or 
ultimate particles, which thus act the part of insulated conducting 
polarizing portions (1669.). 

1700. The conclusion Í have arrived at is, that it is the mole- 
cules of the substance which polarize as wholes (1347.); and that 
however complicated the composition of a body may be, all those 

rticles or atoms which are held together by chemical affinity to 
orm one molecule of the resulting body, act as one conducting 
mass or particle when inductive phenomena and polarization are 
produced in the substance of which it is a part. 


1701. This conclusion is founded on several considerations. 
Thus if we observe the insulating and conducting power of ele- 
ments when they are used as dielectrics, we find some, as sulphur, 
phosphorous, chiorine, iodine, &c., whose particles insulate, and 
therefore polarize in a high degree ; whereas others, as the metals, 
give scarcely any indication of possessing a sensible proportion of 
this power (1328.), their particles freely conducting one to another. 
Yet when these enter into combination they form substances having 
no direct relation apparently, in this respect, to their elements; for 
water, sulphuric acid, and such compounds formed of insulating 
elements, conduct by comparison freely ; whilst oxide of lead, flint 
glass, borate of lead, and other metallic compounds containing ve 
high proportions of conilucting matter, iusulate excellently well. 
Taking oxide of lead therefore as the illustration, I conceive that 
it is not the particles of oxygen and lead which polarize separately 
under the act of induction, but the molecules of oxide of lead 
which exhibit this effect, all the elements of one particle of the 
resulting body, being held together as parts of one conducting 
individual by the bonds of chemical affinity ; which is but another 
term for electrical force (918.). 


1702. In bodies which are electrolytes we have still further 
reason for believing in such a state of things. Thus when water, 
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chloride of tin, ivdile of lead, &c. in the solid state are between 
the electrodes of the voltaic battery, their particles polarize as those 
of any other insulating dielectric do (1164.) ; but when the liquid 
state is conterred on these substances, the polarized particles divide, 
the two halves, each in a highly charged state, travelling onwards 
until they meet other particles in an opposite and equally charged 
state, with which they combine, to the neutralization of their 
chemical, 1. e. their electrical forces, and the reproduction of com- 
pound particles, which can again polarize as wholes, and again 
divide to repeat the same series of actions (1347.). 


1703. But though electrolytic particles polarize as wholes, it 
would appear very evident that in them it is not a matter of entire 
indifference how the particle polarizes (1689.), since, when free to 
move (380, &c.) the polarities are ultimately distributed in refer- 
ence to the elements; and sums of force equivalent to the polari- 
ties, and very definite in kind and amount, separate, as it were, 
from each other, and travel onwards with the elementary particles. 
And though 1 do not pretend to know what an atom is, or how it is 
associated or endowed with electrical force, or how this force is 
arranged in the cases of combination and decomposition, yet the 
strong belief I have in the electrical polarity of particles when 
under inductive action, and the bearing of such an opinion on the 
general effects of induction, whether ordinary or electrolytic, will 
be my excuse, I trust, for a few hypothetical considerations. 


1704. In electrolyzation it appears that the polarized particles 
would (because of the gradual change which has been induced 
upon the chemical, i. e. the electrical forces of their elements 
(918.) rather divide than discharge to each other without division 
(1848.); for if their division, i. e. their decomposition and re- 
combination, be prevented by giving them the solid state, then they 
will insulate electricity perhaps a hundredfold more intense than 
that necessary for their electrolyzation (419, &c.). Hence the ten- 
sion necessary for direct conduction in such bodies appears to be 
much higher than that for decomposition (+19. 1164. 1344.). 


1705. The remarkable stoppage of electrolytic conduction by 
solidification (380. 1358.), is quite consistent with these views of 
the dependence of that process on the polarity which is common to 
all insulating matter when under induction, though attended by 
such peculiar electro-chemical results in the case of electrolytes. 
Thus it may be expected that the first effect of induction is so to 
polarize and arrange the particles of water that the positive or 
hydrogen pole of each shall be from the positive electrode and 
towards the negative electrode, whilst the negative or oxygen pole 
of each shall be in the contrary direction; and thus when the 
oxygen and hydrogen of a particle of water have separated, passing 
to and combining with other hydrogen and oxygen particles, unless 
these new particles of water could turn round they could not take 
up that position necessary for their successful electrolytic polariza- 
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tion. Now solidification, by fixing the water particles and pre- 
venting them from assuming that essential preliminary position, 
prevents also their electrolysis (413.); and so the transfer of forces 
an that manner being prevented (1347. 1703.), the substance acts 
is an ordinary insulating dielectric (for it is evident by former ex- 
periments (419. 1704.) that the insulating tension is higher than 
the electrolytie tension), induction through it rises to a higher 
degree, and the polar condition of the molecules as wholes, though 
greatly exalted, is still securely maintained. 


1706. When decomposition happens in a fluid electrolyte, I do 
not suppose that all the molecules in the same sectional plane 
(1634.) part with and transfer their electrified particles or elements 
at once. Probably the discharge force for that plane is summed 
up on one or a few particles, which decomposing, travelling and 
recombining, restore the balance of forces, much as in the case of 
spark disruptive discharge (1406.); fur as those molecules result- 
ing from particles which have just transferred power must by their 
position (1705.) be less favourably circumstanced than others, so 
there must be some which are most favourably disposed, and these, 
by giving way first, will for the time lower the tension and pro- 
duce discharge. 


1707. In former investigations of the action of electricity (821, 
&c.) it was shown, from many satisfactory cases, that the quantity 
of electric power transferred onwards was in proportion to and 
was definite for a given quantity of matter moving as anion or 
cathion onwards in the electrolytic line of action; and there was 
strong reason to believe that each of the particles of matter then 
dealt with, had associated with it a definite amount of electrical 
force, constituting its force of chemical affinity, the chemical equi- 
valents and the electro-chemical equivalents being the same (836.). 
It was also found with few, and I may now perhaps say with no 
exceptions (1341.), that only those compounds containing elements 
in single proportions could exhibit the characters and phenomena 
of electrolytes (697.) ; oxides, chlorides, and other bodies contain- 
ing more than one proportion of the electro negative element re- 
fusing to decompose under the influence of the electric current. 


- 1708. Probable reasons for these conditions and limitations arise 
out of the molecular theury of induction. Thus when a liquid 
dielectric, as chloride of tin, consists of molecules, -each composed 
of a single particle of each of the elements, then as these can 
convey equivalent opposite forces by their separation in opposite 
directions, both decomposition and transfer can result. But when 
the molecules, as in the bichloride of tin, consist of one partiele or 
atom of one element, and two of the other, then the simplicity 
with which the particles may be supposed to be arranged and to 
act, is destroyed. And, though it may be conceived that when the 
molecules of bichloride of tin are polarized as wholes by the in- 
duction across them, the positive polar force might accumulate on 
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the one particle of tin whilst the negative polar force accumulated 
on the two particles of chlorine associated with it, and that these 
might respectively travel right and left to unite with other two of 
chlorine and one of tia, in analogy with what happens in cases of 
compounds consisting of single proportions, yet this is not alto- 
gether so evident or probable. For when a particle of tin com- 
bines with two of chlorine, it is difficult to conceive that there 
should not be some relation of the three in the resulting molecule 
analogous to fixed position, the one particle of metal being per- 
haps symmetrically placed in relation to the two of chlorine: and, 
it is not difficult to conceive of such particles that they could not 
assume that position dependent both on their polarity and the re- 
lation of their elements, which appears to be the first step in the 
process of electrolyzation (1345. 1705.). 


§. 21. Relation of the electric and magnetic forces. 


1709. I have already ventured a few speculations respecting the 
probable relation of magnetism, as the transverse force of the cur- 
rent, to the divergent or transverse force of the lines of inductive 
action belonging to static electricity (1658, &c.}. 


1710. In the further consideration of this subject it appeared to 
me to be of the utmost importance to ascertain, if possible, whether 
this lateral action which we call magnetism, or sometimes the in- 
duction of electrical currents (26. 1048, &c.), is extended to a dis- 
tance by the aclion of the intermediate particles in analogy with the 
induction of static electricity, or the various effects, such as con- 
duction, discharge, &c., which are dependent on that induction; 
or, whether its influence at a distance is altogether independent of 
such intermediate particles (1662.). 


1711. I arranged two magneto-electric helices with iron cores 
end to end, but with an interval of an inch and three quarters 
between them, in which interval was placed the end or po.e of a 
bar magnet. It is evident, that on moving the magnetic pole from 
one core towards the other, a current would tend to form in both 
helices, in the one because of the lowering, and in the other be- 
cause of the strengthening of the magnetism induced in the re- 
spective soft iron cores. The helices were connected together, 
and also with a galvanometer, so that these two currents should 
coincide in direction, and tend by their joint force to deflect the 
needle of the instrument. The whole arrangement was so effec- 
tive and delicate, that moving the magnetic pole about the eighth 
of an inch to and fro two or three times, in periods equal to those 
required for the vibrations of the galvanometer needle, was suffi- 
cient to cause considerable vibration in the latter ; thus showing 
readily the consequence of strengthening the influence of the 
magnet on the one core and helix, and diminishing it on the other. 


1712. Then without disturbing the distances of the magnet and 
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cores, plates of substances were interposed. Thus calling the twa 
cores A and B, a plate of shell-lac was introduced between the 
magnetic pole and A for the time occupied by the needle in swing- 
ing one way ; then it was withdrawn for the time occupied in the 
return swing ; introduced again for another equal portion of time ; 
withdrawn for another portion, and so on eight or nine times; 
but not the least effect was observed on the needle. In other cases 
the plate was alternated, i. e. it was introduced between the mag- 
net and A for one period of time, withdrawn and introduced 
between the magnet and B for the second period, withdrawn and 
restored to its first place for the third period, and so on, but with 
no effect on the needle. 


1713. In these experiments shell-lac in plates 0:9 of an inch in 
thickness, sulphur in a plate 0'9 of an inch in thickness, and copper 
in a plate 0°7 of an inch in thickness were used without any effect. 
And I conclude that bodies, contrasted by the extremes of con- 
ducting and insulating power, and opposed to each other as 
strongly as metals, air, and sulphur, show no difference with re- 
spect to magnetic forces when placed in their lines of action, at 
least under the circumstances described. 


1714. With a plate of iron, or even a small piece of that metal, 
as the head of a nail, a very different effect was produced, for tl:en 
the galvanometer immediately showed its sensibility, and the per- 
fection of the general arrangement. 


1715. J arranged matters so that a plate of copper 0'2 of an inch 
in thickness, and ten inches in diameter, should have the part near 
the edge interposed between the magnet and the core, in which 
situation it was first rotated rapidly, and then held quiescent alter- 
nately, for periods according with that required for the swinging of 
the needle ; but not the least effect upon the galvanometer was pro- 
duced. 


1716. A plate of shell-lac 0-6 of an inch in thickness was ap- 
plied in the same manner, but whether rotating or not it produced 
no effect. 


1717. Occasionally the plane of rotation was directly across the 
magnetic curve: at other times it was made as oblique as possible ; 
the direction of the rotation being also changed in different experi- 
ments, but not the least effect was produced. 


1718. I now removed the helices with their soft iron cores, and 
replaced them by two flat helices wound upon card board, each con- 
taining forty-two fect of silked copper wire, and having no associ- 
ated iron. Otherwise the arrangement was as before, and exceed- 
ingly sensible ; for a very slight motion of the magnet between the 
helices produced an abundant vibration of the galvanometer needle. 


1719. The introduction of plates of shell-lac, sulphur, or copper 
into the intervals between the magnet and these helices (1713.), 
produced not the least effect, whether the former were quiescent or 
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in rapid revolution (1715.). So here no evidence of the influence 
of the intermediate particles could be obtained (1710.). 


1720. The magnet was then removed and replaced by a flat he- 
lix, corresponding to the two former, the three being parallel fto 
each other. The middle helix was so arranged that a voltaic cur- 
rent could be sent through it at pleasure. The former galvanome- 
ter was removed, and one with a double coil employed, one of the 
lateral helices being connected with one coil, and the other helix 
with the other coil, in such manner that when a voltaic current was 
sent through the middle helix its inductive action (26.) on the lateral 
helices should cause currents in them, havmg contrary directions in 
the coils of the galvanometer. By a little adjustment of the distances 
these induced currents were rendered exactly equal, and the galva- 
nometer needle remained stationary notwithstanding their frequent 
production in the instrument. I will call the middle coil C, and 
the external coils A and B. 


1721. A plate of copper 0'7 of an inch thick and six inches 
square, was placed between coils C and B, their respective dis- 
tances remaining unchanged; and then a voltaic current from 
twenty pairs of 4-inch plates was sent through the coil C, and in- 
termitted, in periods fitted to produce an effect on the galvanome- 
ter (1712.), if any difference had been produced in the effect of C 
on A and B. But notwithstanding the presence of air in one inter- 
val and copper in the other, the mductive effect was exactly alike 
on the two coils, and as if air had occupied both intervals. So that 
notwithstanding the facility with which any induced currents might 
form in the thick copper plate, the coil outside of it was just as 
much affected by the central helix C as ifno such conductor as the 
copper had been there (65.). 


1722. Then, for the copper plate was substituted one of sulphur 
0-9 of an inch thick; still the results were exactly the same, i. e. 
there was no action at the galvanometer. 


1723. Thus it appears that when a voltaic current in one wire is 
exerting its inductive action to produce a contrary or a similar cur- 
rent in a neighbouring wire, according as the primary current is 
commencing or ceasing, it makes not the least difference whether 
the intervening space is occupied by such insulating bodies as air, 
sulphur and shell-lac, or such conducting bodies as copper, and the 
other non-magnetic metals. 


1724. A correspondent effect was obtained with the like forces 
when resident in a magnet thus. A single flat helix (1718.) was 
connected with a galvanometer, and a magnetic pole placed near to 
it; then by moving the magnet to and from the helix, or the helix 
to and from the magnet, currents were produced indicated by the 
galvanometer. 


1725. The thick copper plate (1721.) was afterwards interposed 
between the magnetic pole and the helix; nevertheless on moving 
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these to and fro, effects, exactly the same in direction and amount, 
were obtained as if the copper had not been there. So also on in- 
troducing a plate of sulphur into the interval, not the least influence 
on the currents produced by motion of the magnet or coils could 
be obtained. 


1726. These results, with many others which I have not thought 
it needful to describe, would lead to the conclusion that (judging 
by the amount of effect produced at a distance by forces transverse 
to the electric current, i. e. magnetic forces,) the intervening mat- 
ter, and therefore the intervening particles, have nothing to do with 
the phenomena ; or in other words, that though the inductive force 
of static electricity is transmitted to a distance hy the action of the 
intermediate particles (1164. 1666.), the transverse inductive force 
of currents, which can also act at a distance, is not transmitted by 
the intermediate particles in a similar way. 


1727. It is however very evident that such a conclusion cannot 
be considered as proved. Thus when the metal copper is between 
the pole and the helix (1715. 1719. 1725.) or between the two 
helices (1721.) we know that its particles are affected, and can by 
proper arrangements make their peculiar state for the time very 
evident by the production of either electrical or magnetical effects. 
It seems impossible to consider this effect on the particles of the 
intervening matter as independent of that produced by the induc- 
tric coil or magnet C, on the inducteous coil or core A (1715. 
1721.) ; for since the inducteous body is equally affected by the 
inductric body whether these intervening and affected particles of 
copper are present or not (1723. 1725.), such a supposition would 
imply that the particles so affected had no reaction back on the 
original inductric forces. The more reasonable conclusion, as it 
appears to me, is, to consider these affected particles as efficient in 
continuing the action onwards from the inductric to the inducteous 
body, and by this very communication producing the effect of no 
loss of induced -power at the latter. 


1728. But then it may be asked what is the relation of the par- 
ticles of insulating bodies, such as air, sulphur, or lac. when thcy 
intervene in the line of magnetic action? The answer to this is at 
present merely conjectural. I have long thought there must be a 
particular condition of such bodies corresponding to the state 
which causes currents in metals and other conductors (26. 53. 191. 
201. 213.); and considering that the bodies are insulators one 
would expect that state to be one of tension. I have by rotating 
non-conducting bodies near magnetic poles and poles near them, 
and also by causing powerful electric currents to be suddenly 
formed and to cease around and about insulators in various direc- 
tions, endeavoured to make some such state sensible, but have not 
succeeded. Nevertheless, as any such state must be of exceedingly 
low intensity, because of the feeble intensity of the currents 
which are used to induce it, it may well be that the state may exist, 
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and may be discoverable by some more expert experimentalist, 
though I have not been able to make it sensible. 


1729. It appears to me possible, therefore, and even probable 
that magnetic action may be communicated to a distance by the 
action of the intervening particles, in a manner having a relation to 
the way in which the inductive forces of static electricity are trans- 
ferred to a distance (1677.); the intervening particles assuming 
for the time more or less of a peculiar condition, which (though 
with a very imperfect idea) I have several times expressed by the 
term electro-tonic state (60. 242.1114. 1661.) I hope it will not be 
understood that I hold the settled opinion that such is the case. 
I would rather in fact have proved the contrary, namely, that mag- 
netic forces are quite independent of the matter intervening bet ween 
the inductric and the inducteous bodies ; but I cannot get over the 
difficulty presented by such substances as copper, silver, lead, gold, 
carbon, and even aqueous solutions (201. 213.), which though they 
are known to assume a peculiar state whilst intervening between 
the bodies acting and acted upon (1727.), no more interfere with 
the final result than those which have as yet had no peculiarity of 
condition discovered in them. 


1730. A remark important to the whole of this investigation 
ought to be made here. Although I think the galvanometer used 
as I have decribed it (1711. 1720.) is quite sufficient to prove that 
the final amount of action on each of the two coils or the two cores 
A and B (1713. 1719.) is equal, yet there is an effect which may 
be consequent on the difference of action of two interposed bodies 
which it would not show. As time enters as an element into these 
actions“ (125.), it is very possible that the induced actions on the 
helices or cores A, B, though they rise to the same degree when 
air and copper, or air and lac are contrasted as intervening sub- 
stances, do not do so in the same time; and yet, ‘because of the 
length of time occupied by a vibration of the needle, this difference 
may not be visible, both effects rising to their maximum in periods 
so short as to make no sensible portion of that required for a vi- 

~bration of the needle, and so exert no visible influence upon it. 


1731. Ifthe lateral or transverse force of electrical currents, or 
what appears to be the same thing, magnetic power, could be 
proved to be influential at a distance independently of the inter- 
vening contiguous particles, then, as it appears to me, a real dis- 
tinction, of a high and important kind, would be established 
between the natures of these two forces (1654. 1664.). I do not 
mean that the powers are independent of each other and might be 
rendered separately active, on the contrary they are probably 
essentially associated (1654), but it by no means follows that they 


* See Annales de Chimie, 1833, tom. Il. pp. 422, 428. 
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are of the same nature. In common statical induction, in conduc- 
tion, and in electrolyzation, the forces at the opposite extremities 
of the particles which coincide with the lines of action, and have 
commonly been distinguished by the term electric, are polar, and 
in the cases of contiguous particles act only to insensible distances ; 
whilst those which are transverse to the direction of these lines, 
and are called magnetic, are circumferential, act at a distance, and 
if not through the mediation of the intervening particles, have their 
relations to ordinary matter entirely unlike those of the electrical 
forces with which they are associated. 


1732. To decide this question of the identity or distinction of 
the two kinds of power, and establish their true relation, would be 
exceedingly important. The question seems fully within the reach 
of experiment, and offers a high reward to him who will attempt 
its settlement. 


1733. I have already expressed a hope of finding an effect or 
condition which shall be to statical electricity what magnetic force 
is to current electricity (1658.) If I could have proved to my own 
satisfaction that magnetic forces extended their influence to a dis- 
tance by the conjoined action of the intervening particles in a man- 
ner analogous to that of electrical forces, then I should have thought 
that the lateral tension of the lines of inductive action (1659.), or 
that state so often hinted at as the electro-tonic state (1661. 1602.), 
was this related condition of statical electricity. 


1734. It may be said that the state of no lateral action is to static 
or inductive force the equivalent of magnetism to current force ; but 
that can only be upon the view that electric and magnetic action 
are) in their nature essentially different (1664.). If they are the 
same power, the whole difference in the results being the conse- 
quence of the difference of direction, then the normal or undeveloped 
state of electric force will correspond with the state of no lateral 
action of the magnetic state of the force; the electric current will 
correspond with the lateral effects commonly called magnetism: 
but the state of static induction which is between the normal con- 
dition and the current will still require a corresponding lateral 
condition in the magnetic series, presenting its own peculiar phe- 
nomena ; for it can hardly be supposed that the normal electric, 
and the inductive or polarized electric, condition, can both have the 
same lateral relation. If magnetism be a separate and a higher re- 
lation of the powers developed, then perhaps the argument which 
presses for this third condition of that force would not be so strong. 


1735. I cannot conclude these general remarks upon the rela- 
tion of the electric and magnetic forces without expressing my 
surprise at the results obtained with the copper plate (1721. 1725.) 
The experiments with the flat helices represent one of the simplest 
cases of the induction of electrical currents (1720.) ; the effect, as 
is well known, consisting in the production of a momentary current 
in a wire at the instant when a current in the contrary direction be- 
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gins to pass through a neighbouring parallel wire, and the produc- 
tion of an equally brief current in the reverse direction when the 
determining current is stopped (26.). Such being the case, it seems 
very extraordinary that this induced current which takes place in 
the helix A when there is only air between A and C (1720.) should 
be equally strong when that air is replaced by an enormous mass 
of that excellently conducting metal copper (1721.). It might 
have been supposed that this mass would have allowed of the form- 
ation and discharge of almost any quantity of currents init, which 
the helix C was competent to induce, and so in some degree have 
diminished if not altogether prevented the effect in A: instead of 
which, though we can hardly doubt that an infinity of currents are 
formed at the moment in the copper plate, still not the smallest 
diminution or alteration of the effect in A appears (65.). Almost 
the only way of reconciling this effect with generally received no- 
tions is, as it appears to me, to admit that magnetic action is com- 
municated by the action of the intervening particles (1729. 1733.). 


1736. This condition of things, which is very remarkable, ac- 
cords perfectly with the effects observed in solid helices where 
wires are coiled over wires to the amount of five or six or more 
layers in succession, no diminution of effect on the outer ones being 
occasioned by those within. 


§ 22. Nole on electrical excitation. 


1737. That the different modes in which electrical excitement 
takes place will some day or other be reduced under one common 
Jaw can hardly be doubteil, though for the present we are bound 
to admit distinctions. It will be a great point gained when these 
distinctions are, not removed, but understood. 


1788. The strict relation of the electrical and chemical powers 
renders the chemical mode of excitement the most instructive of 
all, and the case of two isolated combining particles is probabl 
the simplest that we possess. Here however the action is local, 
and we still want such a test of electricity as shall apply to it, to 
cases of current electricity, and also to those of static induction. 
‘Whenever by virtue of the previously combined condition of some 
of the acting particles (023.) we are enabled, as in the voltaic pile, 
to expand or convert the local action into a current, then chemical 
action can be traced through its variations to the production of all 
the phenomena of tension and the static state, these being in every 
respect the same as if the electric forces producing them had been 
developed by friction. 

1739. It was Berzelius, I believe, who first spoke of the aptness 
of certain particles to assume opposite states when in presence of 
each other (959.). Hypothetically we may suppose these states 
to increase in intensity by increased approximation, or by heat, &c. 
until at a certain point combination occurs, accompanied by such an 
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arrangement of the forces of the two particles between themselves 
as is equivalent to a discharge, producing at the same time a particle 
which is throughout a conductor (1700.) 


1740. This aptness to assume an excited electrical state (which 
is probably polar in those forming non-conducting matter) appears 
to be a primary fact, and to partake of the nature of induction 
(1162.), for the particles do not seem capable of retaining their 
particular state independently of each other (1177.) or of matter in 
the opposite state. What appears to be definite about the particles 
M matter is their assumption of a particular state, as the positive or 
negative, in relation to each other, and not of either one or other in- 
differently ; and also the acquirement of force up to a certain 
amount. | 


1741. It is easily conceivable that the same force which causes 
local action between two free particles shall produce current force 
if ore of the particles is previously in combination, forming part of 
an electrolyte (923. 1738.). Thus a particle of zinc, and one of 
oxygen, when in presence of each other, exert their inductive forces 
(1940.), and these at last rise up to the point of combination. If 
the oxygen be previously in union with hydrogen, it is held so com- 
bined by an analogous exertion and arrangement of the forces ; and 
as the forces of the oxygen and hydrogen are for the time of com- 
bination mutually engaged and related, so when the superior relaticn 
of the forces between the oxygen and zinc come into play, the in- 
duction of the former or oxygen towards the metal cannot be 
brought on and increased without a corresponding deficiency in 
its induction towards the hydrogen with which it is in combination 
(for the amount of force in a particle is considered as definite), and 
the latter therefore has its force turned towards the oxygen of the 
next particle of water ; thus the effect may be considered as exten- 
ded to sensible distances, and thrown into the condition of static 
induction, which being discharged and then removed by the action 
of other particles produces currents. 


1742. In the common voltaic battery, the current is occasioned 
by the tendency of the zinc to take the oxygen of the water from 
the hydrogen, the effective action being at the place where the 
oxygen leaves the previously existing electrolyte. But Schœnbein 
has arranged a battery in which the effective action is at the other 
extremity of this essential part of the arrangement, namely, where 
oxygen goes to the electrolyte.* The first nay be considered as a 
case where the current is put into motion by the abstraction of 
oxygen from hydrogen, the latter by that of hydrogen from oxy- 
gen. The direction of the electric cuarent is in both cases 
same, when referred to the direction in which-the elementary par- 
ticles of the electrolyte are moving (923. 962.), and both are equally 


* Philosophical Magazine, 1838, xii. 225,315. See also De la Rive’s results 
with peroxide of manganeso. Annales de Chimie, 1836, Ixi. p. 40.— Dec. 183%. 
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n accordance with the hypothetical view of the inductive action of 
the particles just described (1740.) 


1743. In such a view of voltaic excitement, the action of the 
particles may be divided into two parts, that which occurs whilst 
the force in a particle of oxygen is rising towards a particle of zinc 
acting on it, and falling towards the particle of hydrogen with 
which it is associated (this being the progressive period of the in- 
ductive action), and that which occurs when the change of associa- 
tion takes place, and the particle of oxygen leaves the hydrogen 
and combines with the zinc. The former appears to be that whieh 
produces the current, or if there be no curreut, produces the state 
of tension at the termination of the battery; whilst the latter, by 
terminating ‘or the time the influence of the particles which have 
been active, allows of others coming into play, and so the effect of 
current is continued. 


1744. It seems highly probable, that excitement by friction may 
- very frequently be of the same character. Wollaston endeavoured 
to refer such excitement to chemical action ;* but if by chemical 
action ultimate union of the acting particles is intended, then there 
are plenty of cases which are opposed to such a view. Davy men- 
tions some such, and for my own part I feel no difficulty in admit- 
ting other means of electrical excitement than chemical action, 
especially if by chemical action 1s meant a final combination of the 
particles. 


1745. Davy refers experimentally to the opposite states which 
two particles having opposite chemical relations can assume when 
they are brought into the close vicinity of each other, but not al- 
lowed to combinet. This, I think, is the first part of the action 
already described (1743.) ; but in my opinion it cannot give rise to 
a continuous current unless combination takes place, so as to allow 
other particles to act successively in the same manner, and not even 
then unless one set of the particles be present as an element of an 
electrolyte (923. 963.); i. e. mere quiescent contact alone withont 
chemical action does not in such cases produced a current. 


1746. Still it seems very possible that such a relation may pro- 
duce a high charge, and thus give rise to excitement by friction. 
When two bodies are rubbed together to produce electricity in the 
usual way, one at least must be an insulator. During the act of 
rubbing, the particles of opposite kinds must be brought more or 
less closely together, the few which are most favourably circum- 
stanced being in such close contact as to be short only of that which 
is consequent upon chemical combination. At such moments they 
may acquire by their mutual induction (1740.) and partial discharge 
to each other, very exalted opposite states, and when, the moment 
after, they are by the progress of the rub removed from each other's 


* Philoscohical Transactions, 1801, p. 427. + Ibid. 1807, p. 31. 
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vicinity, they will retain this state if both bodies be insulators, and 
exhibit them upon their complete separation. 


1747. All the circumstances attending friction seems to me to 
favour such a view. The irregularities of form and pressure will 
cause that the particles of the two rubbing surfaces will be at very 
variable distances, only a few at once being in that very close re- 
lation which is probably necessary for the „ of the forces; 
further, those which are nearest at one time will be further remov- 
ed at another, and others will become the nearest, and so by con- 
tinuing the friction many will in succession be excited. Finally, 
the lateral direction of the separation in rubbing seems to me the 
best fitted to bring many pairs of particles, first of all into that close 
vicinity necessary for their assuming the opposite states by relation 
to each other, and then to remove them from each other's influence 
whilst they retain that state. | 


1748. It would be easy, on the same view, to explain hypotheti- 
cally, how, if one of the rubbing bodies be a conductor, as the 
amalgam of an electrical machine, the state of the other when it 
comes from under the friction is (as a mass) exalted ; but it would 
be folly to go far into such speculation before that already ad- 
vanced has been confirmed or corrected by fit experimental 
evidence. I do not wish it to be supposed that I think all excite- 
ment by friction is of this kind; on the contrary, certain experi- 
ments lead me to believe, that in many cases, and perhaps in all, 
effects of a thermo -electric nature conduce to the ultimate effect ; 
and there are very probably other causes of electric disturlance 
influential at the same time, whig) we have not as yet distin- 
guished. 


Royal Institution, 
June, 1838. 


In a paper which was read at the Glasgow meeting of the “ British 
Association for the Promotion of Science” I had occasion to 
trace the experiments of M. Schoenbein and others, on the 
Inactivity of certain metals on acids, to others of a similar 
nature pei formed by Mr. Keir some fifty years ago. Since the 
reading of my paper at Glasgow, I have been requested to insert 
Mr. Keir’s experiments in an early number of the “ Annals,” 
which I now do witi great pleasure, as I think that many 
readers will be much interested by becoming acquainted with 
those original experiments of Keir, which, within the last few 
years, have commanded so much attention, as novelties emanat- 
ing from the labours of other experimentors. W. S. 
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LIII. Experiments and Observations on the Dissolution of Metals 
in Acids, and their Precipitations: with an Account of a New 
Compound Acid Menstrum useful in some mechanical operations f 
parting metals. By James Kerr, Esq., F. R. S. (Abridgement 
of the Philosophical Transaction of the Royal Society of London 
for the year 1790.) 


In the following paper, says Mr. Keir, I intend to relate two 
sets of experiments: one, showing the effects of compounding the 
vitriolic and nitrous acids in dissolving metals: and the other, 
describing some curious appearances which occur in the precipita- 
tion of silver from its solution in nitrous acid by iron, and by some 
other substances. In a subsequent paper I hope to continue the 
subject of metallic dissolution“ and precipitation, first, by adding 
some experiments on the quantities and kinds of gas produced by 
dissolving different metals in different acids, under various circum- 
stances: 2ndly, by submitting certain general propositions, which 
seem deducible from the facts related ; and lastly, by concluding 
with some reflections relative to the theory of metallic dissolution 
and precipitation. 


Part 1.—On the effects of Compounding the Vitriolic and Nitrous 
Acids, under various circumstances, on the dissolution of metals. 


§ 1.—On the Mixture of Oil of Vitriol and Nitre.—1. The pro- 
perties of the several acids, in their separate states, have been in- 
vestigated with considerable industry and success: and those of 
one compound, aqua regis, are well known, on account of its fre- 
quent use in dissolving gold: yet not only various other combina- 
tions of different acids remain to be examined; but also the 
changes of properties to which these mixed acids are subject, from 
the difference of circumstances, especially those of concentration, 
temperature, and of that quality which is called, properly or im- 
properly, phlogistication, ure subjects still open for inqniry. 


2. As I shall have frequent occasion to speak of phlogistication 
and dephlogistication of acids, I wish to premise, that by these 
terms I mean only certain states or qualities of those bodies, but 
without any theoretic inference. Thus vitriolic acid may be said 


+ The English word solution has two significations in chemistry; one ex- 
pressive of the act of dissolving, as when we say, that, “solution is a chemical 
operation ;” and the other, denoting the substance dissolved in its solvent, as, 
“a solution of silver in nitrous acid.” The French language is equally equi- 
vocal, as the word “dissolution” is used in both the above-mentioned senses. 
In treating on this subject, in which both meanings were very frequently. re- 
quired, sometimes in the same sentence, I could not but be sensible of confusion 
in the style, and I have therefore confined the word solution to express the 
substance dissolved together with its solvent, and the word dissolution to denote 
the act of dissolving. 
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to be phlogisticated by addition of sulphur or other inflammable 
matter, by which it is converted into sulphurous acid, without 
determining whether this change be caused by the addition of the 
supposed principle phlogiston, as one set of philosophers believe, 
or by the action of the added inflammable substance in drawing 
from the acid a portion of its aérial principle, by which the sul- 

hur, its other element, is made to predominate, as others have 

tely maintained. It were much to be wished that we had words 
totally unconnected with theory ; that chemists, who differ from 
each other in some speculative points, may yet speak the same lan- 
guage, and may relate their facts and observations, without having 
our attention continually drawn aside from these, to the different 
modes of explanation which have been imagined. But at present 
we have only the choice of terms between words derived from the 
ancient theory, and those which have been lately proposed by the 
opposers of that theory. In this dilemma I have preferred the use 
of the former, not that I wish to show any predeliction to either 
theory, but because that system, having long been generally adopted, 
is understood by all parties: and principally because, by using the 
words of the old theory, I am at liberty to define them, and to give 
significations expressive merely of parts, and of the actual state of 
bodies; whereas the language and theory of the antiphlogistic che- 
mists being inter woven and adapted to each other, the former can- 
not be divested of its theoretical reference, and therefore seems in- 
applicable to the mere exposition of facts, but ought to be reserved 
solely for the explanations of the doctrines from which this lan- 
guage is derived. Thus, by the definition before mentioned of pho- 
gistication, this word expresses not the presence or existence of an 
hypothetical principle of inflammability, but a certain well known 
quality of acids and of other bodies, communicated to them by the 
uddition of many actually inflammable substances. Thus, nitrous 
acid acquires a phlogisticated quality by addition of a little spirit of 
wine, or by distillation with any inflammable substance. 

3. No two substances are more frequently in the hands of che- 
mists and artists than vitriolic acid and nitre, yet I have found, that 
a mere mixture of these when much concentrated, s properties 
which neither the vitriolic acid nor the nitrous, of the same degree 
of concentration, have, singly, and which could not be easily de- 
duced, d priori, by reasoning from our present knowledge of the 
theory of chemistry. 


4. Having found by some previous trials that a mixture composed 
of nitre dissolved in oil of vitriol was capable of dissolving silver 
easily and copiously, while it did not affect copper, iron, lead,regulus 
of cobalt, gold, platina, I conceived, that it might be useful insome 
cases of the parting of silver from copper and the other metals above 
mentioned ; and having also observed, that the dissolving powers of 
the inixture of vitriolic and nitrous acids varied greatly in different 
degrees of concentration, and phlogistication, I thought that an in- 
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vestigation of these effects might be a subject fit for philosophical 
chemistry, and might tend to illustrate the theory of the dissolution 
of metals in acids. With these views I made the following experi- 
ments: — 


5. I put into a long necked retort, the contents of which, including 
the neck, were 1400 grain measures, 100 grain measures of oil of 
vitriol of the usual density at which it is prepared in England, that 
is, whose specific gravity is to that of water as 1:844 to 1, and 100 
grains of pure and clear nitre, which was then dissolved in the acid 
by the heat of a water-bath. To this mixture 100 grains of stan- 
dard silver were added ; the retort was set in a water-bath, in which 
the water was made to boil, and a pneumatic apparatus was applied 
to catch any air or gas which might be extricated.—The silver began 
to dissolve, and the solution became of a purple or violet colour, no 
air was thrown into the inverted jar, excepting a little of the com- 
mon air of the retort, by means of the expansion which it suffered 
from the heat of the water-bath, and from some nitrous fumes 
which appeared in the retort, and which having afterwards con- 
densed, occasioned the water to rise along the neck of the retort, 
and mix with the solution ; the remaining silver was then separated 
and weighed, and it was found that 39 grains had been dissolved : 
but probably more would have been dissolved if the operation had 
not been interrupted by the water rushing into the retort. 


6. Inthe same apparatus 200 grains of standard silver were 
added to a mixture of 100 grains of nitre, previously dissolved in 
200 grain measures of oil of vitriol ; and in this solvent, 92 grains 
of the silver were dissolved, without any production of air or gas. 
The solution, which was of a violet colour, having been poured out 
of the retort whilst warm (for with so a large a portion of nitre, 
such mixtures, especially after having dissolved silver, are apt to 
congeal with small degrees of cold), in order to separate the undis- 
solved silver from it, and having been returned into the retort with- 
out this silver, I poured 200 grains of water into the retort, on which 
a strong effervescence took place between the solution and the water, 
and 3100 grain measures of nitrous gas were thrown into the in- 
verted jar. On pouring 200 grains more of water into the retort, 
600 grain measures ol the same gas were expelled. Further addi- 
tjons of water yielded no more gas; neither did the silver, when 
afterwards added to this solution, give any sensible effervescence, 
or suffer a greater loss of weight than two grains. 


7. Inthe same apparatus 100 grains of standard silver were ex- 
posed to a mixture of 80 grains of nitre dissolved in 200 grain mea- 
sures of oil of vitriol; and in this operation 80 grains of silver 
were dissolved, while at the same time, 4500 grain measures of 
nitrous gas were thrown into the inverted jar. When the undis- 
solved silver was removed, 200 grains of water were added to the 
solution, which was of a violet colour, and on the mixture of the 
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two fluids an effervescence happened ; but only a few bubbles of 
nitrous gas were then expelled. 


8. In the same apparatus 100 grains of standard silver were ex- 
posed to a mixture of 200 grain measures of oil of vitriol, 200 grains 
of nitre, and 200 grains of water: and in this operation 20 grains 
of the silver were dissolved without any sensible emission of air or 
gas. 

9. In these experiments, the copper contained in the standard 
silver gave a reddish colour to the saline mass which was formed 
in the solution, and seemed to be a calx of copper interspersed 
through the salt of silver. I perceived no other difference between 
the effects of pure and standard silver dissolved in this acid. 


10. I then exposed tin tothe same mixture of oil of vitriol and 
nitre, in the same apparatus, and in the same circumstances, taking 
care always to add more metal than could be dissolved, that, by 
weighing the remainder, the quantity capable of being dissolved 
might be found, as I had done with the experiments on silver ; and 
the results were as follow :— 


11. No tin was dissolved nor calcined by the mixtures in the pro- 
portion of 200 grain measures of oil of vitriol to 200 grains of nitre : 
nor by any other mixture in the proportion of 200 grain measures 
of oil of vitriol to 150 grains of nitre, and consequently no gas was 
produced in either instance. 


12. With a mixture in the proportion of 200 grain measures of 
oil of vitriol and 100 grains of nitre, the tin began soon to be acted 
on, and to be diffused through the liquor: but no extrication of gas 
appeared till the digestion had been continued two hours in boiling 
water ; and then it took place, and gave a frothy appearance to the 
mixture, which was of an opaque white colour, from the powder of 
tin being diffused among it. In this experiment, the quantity ‘of 
tin thus calcined was 73 grains, and the quantity of nitrons gas ex- 
tricated during this action on the tin, was 8500 grain measures. 
Then, on pouring 200 grains of water into the retort, a fresh effer- 
vescence took place between the water and the white opaque white 
mass, and 4600 grain measures of nitrous gas were thrown into the 
inverted receiver. 


13. With a mixture in the proportion of 100 grain mensures of 
oil of vitriol to 30 grains of nitre, 30 grains of tm were dissolved 
or calcined, and the nitrous gas, which began to be extricated much 
sooner than in the last mentioned experiment with a larger r- 
tion of nitre, amounted to 6300 grain measures. Water, added to 
this solution of tin, did not produce any effervescenee. 


14. With a mixture in the proportion of 200 grain measures of 
oil of vitriol, 200 grains of nitre, and 200 grains ot water, 133 grains 
of tin were acted on with an effervescence, which took place 
violently, and produced 6500 grain measures of nitrous gas. 
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15. The several mixtures above mentioned, in different propor- 
tions of nitre and oil of vitriol, did, by the help of the heat of the 
water-bath, calcined mercury into a white or grayish powder. Nic- 
kle was also partly calcined and partly dissolved by these mixtures. 
I did not perceive that any other metal was affected by them, ex- 
cepting that the surfaces of some of them were tarnished. 


16. These mixtures of oil of vitriol and nitre were apt to congeal 
by cold, those especially which had a large proportion of nitre thus, 
a mixture of 100 grain measures of oil of vitriol and 480 grains of 
nitre, after having kept fluid for several days, in a phial not so ac- 
curately stopped as to prevent altogether the escape of some white 
fumes, congealed at the temperature of 55° of Fakrenheit’s ther- 
mometer: whereas some of the same liquid, having been mixed 
with equal parts of oil of vitriol, did not congeal with a less cold than 
45°. The congelation is promoted by exposure to air, by which 
white fumes rise, and moisture may be absorbed, or by any other 
mode of slight dilution with water. 


17. Dilution of this compound acid, with more or less water, 
alters considerably its properties, with regard to its action on metals. 
Thus it has been observed, that in its concentrated state it does not 
act on iron: but by adding water, it acquires a power of acting on 
that metal, and with different effect according to the proportion of 
the water added. Thus, by adding to two measures of the com- 
pound acid one measure of water, the liquor is rendered capable of 
calcining iron, and forming with it a white powder, but without 
effervescence. With an equal measure of water effervescence is 
produced. With a larger proportion of water the iron gave also a 
brown colour to the liquor, such as phlogisticated nitrous acid ac- 
quires from iron, or communicates to a solution of martial vitriol 
im water. 


18. Dilution with water renders this compound acid capable of 
dissolving copper and zinc, and probably those other metals which 
are subject to the action of the dilute vitriolic or nitrous acid. 


§ 2. An account of a new process for separating silver from 
copper.—19. The properties of this liquor, in dissolving silver easily, 
without acting on copper, have rendered it capable of a very useful 
application in the arts. Among the manufacturers at Birmingham, 
that of making vessels of silver plated on copper is a very consider- 
able one. In cutting out the rolled plated metal into pieces of the 
required formes and sizes, there are many shreds, or scraps as they 
are called, unfit for any purpose but the recovery of the metals, by 
separating them from each other. The easiest and most economical 
method of parting these two metals, so as not to lose either of them, 
is an object of some consequence to a manufacturers. For this 
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purpose two modes were practised ; 1st, by melting the whole of the 
mixed metals with lead, and separating them by eliquation and test- 
ing ; & 2nd, by dissolving both metals in oil of vitriol, with the help 
of heat, and by separatiug the vitriol of copper, by dissolving it in 
water, from the vitriol of silver, which is afterwards to be reduced 
and purified. In the first of these methods, there is a considerable 
waste of lead and copper; and in the second, the quantity of 
vitriolic acid employed is very great, as much more is dissipated in 
the form of volatile vitriolic, or sulphureous acid, than remains in 
the composition of the two vitriols. 


Some years ago I communicated to an artist the method of af- 
fecting the separation of silver from copper by means of the above 
mentioned compound of vitriolic acid and nitre ; and, as I am in- 
formed, that it is now commonly practised by the manufacturers in 
Birmingham, I have no doubt but it is much more economical, and 
it is certainly much more easily executed, than any of the other 
methods ; for nothing more is required than to put the pieces of 
plated metal into an earthen-glazed pan, to pour on them some of 
the acid liquor, which may be in the proportion of 8 or 10 lb. of 
oil of vitriol to 1 lb. of nitre: to stir them about, that the surfaces 
may frequently be exposed to fresh liquor, and to assist the action 
by a gentle heat trom 100° to 200° of Faharenheit’s scale. When 
the liquor is nearly saturated, the silver is to be precipitated from it 
by common salt, which forms a luna cornea, easily reducible by 
melting it in a crucible with a sufficient quantity of potash ; and 
lastly, by refining the melted silver, if necessary, with a little nitre 
thrown on it. In this manner the silver will be obtained sufficiently 
pure, and the copper will remain unchanged. Otherwise, the silver 
may be precipitated in its metalic state, by adding to the solution 
of silver a few pieces of copper, and a sufficient quantity of water to 
enable the liquor to act on the copper. The property which this 
acid mixture possesses of dissolving silver with great facility, and 
in considerable quantity, will probably render it a useful menstruum 
in the separation of silver from other metals ; and as the alchemists 
have distinguished the peculiar solvent of gold under the title of 
aqua regis, a name sufficiently distinctive, though founded on a 
fanciful allusion ; so, if they had been acquainted with the proper- 
ties of this compound, they would probably have bestowed upon it 
the appellation of aqua reginæ. 


§ 3.—The change of properties communicated to the smizlure of 
vitriolic and nitrous acids by phlogistigation —20. The above de- 
scribed compound acid may be phlogistigated by different methods, 
of which I shall mention three. First, By digesting the com- 

und acid with sulphur by means of the heat of a water bath, the 
iquor dissolves the sulphur with effervescence, loses its property 
of yielding white fumes ; and if the quantity of sulphur be sufi- 
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cient, and if the heat applied be long enough continued, it exhibits 
red nitrous vapours, and assumes a violet colour. 


Secondly— If, instead of dissolving nitre in concentrated vitriolic 
acid, this acid be impregnated with nitrous gas, or with nitrous 
vapour by making this gas, or vapour, pass into the acid, this 
compound will be phlogisticated, as it contains but only its phlo- 
gisticated part, not the entire nitrous acid, or element, the nitrous 
gas, without the proportion of pure air is necessary to constitute 
an acid. This impregnation of oil of vitriol with nitrous gas, or 
nitrous vapour, was first described, and some of the properties of 
the impregnated liquor noticed, by Dr. Priestly. (See Exp. and 
Obs. on Air, vol. 3, p. 129 and 217.) Thirdly, By substituting 
nitrous ammoniac instead of nitre in the mixture with oil of vitriol. 


21. The compeund prepared by any of these methods, but espe- 
cially by the first and second, differs considerably in its properties 
with regard to its action on metals from the acid described in the 
first section. It has been observed, that the latter compound has 
little action on any metals but silver, tin, mercury, and nickel. 
On the other hand, the phlogisted compound not only acts on 
these, but also on several others It forms with iron a beautiful 
rose-coloured solution, without application of any artificial heat: 
and in time a rose-coloured saline precipitate is deposited, which is 
soluble in water with considerrble effervescence. It dissolves cop- 
per, and acquires from this metal, and also from regulus of cobalt, 
zinc, and lead, pretły deep violet tinges. Bismuth and regulus of 
antimony were also attacked by this phlogisticated acid. To ascer- 
tain more exactly the effects of this phlogisticated acid on some 
metals, I made the following experiments, with a liquor prepared 
by making nitrous gas pass through oil of vitriol during a consider- 
ab le time. 


22. To 200 grain measures of the oil of vitriol impregnated with 
nitrous gas, put into a retort with a long neck, the capacity of which, 
including the neck, was 1150 grain-measures, I added 144 grains 
of standard silver, and immersed the mouth of the retort in water, 
under an inverted jar filled with water, to catch the gas which might 
be extricated. The acid began to dissolve the silver without the 
application of heat; the solution became of a violet colour, and the 
quantity of nitrous gas received in the inverted jar was 14,700 

ain measures. On weighing the silver remaining, the quantity 
which had been dissolved was found to be 70 grains. When water 
was added to the solution, an effervescence appeared, but only a 
very small quantity of gas was extricated. By means of water, a 
white saline powder of silver, soluble in a larger quantity of water, 
was precipitated from the solution. The solution of silver, when 

saturated and undiluted, congeals readily in cool temperature, and 
when diluted to a certain degree with water, gives foliated crystals. 


23. In the same apparatus, and in the same manner, !00 grain 
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measures of this impregnated oil of vitriol were applied to iron: 
An effervescence appeared without the application of heat, the sur- 
face of the iron acquired a beautiful rose-colour or redness mixed 
with purple ; and this colour gradually pervaded the whole liquor, 
but disappeared on keeping the retort some time in hot water. 
Notwithstanding a considerable apparent effervescence, the quantity 
of air expelled into the inverted jar was only 400 grain measures, 
of which one-fourth was nitrous, and the rest phlogisticated. The 
solution was then poured out of the retort, and the iron was found 
to have lost 2 grains in weight. The solution was returned into 
the retort without the iron, and 200 grains of water were added te 
it; on which a white powder was immediately precipitated, which 
re-dissolved with great effervescence. When 2000 grain measures 
of nitrous gas had been expelled into the inverted jar, without appli- 
cation of heat, the retort was placed in the water-bath, the heat of 
which rendered the effervescence so strong, that the liquor boiled 
over the neck of the retort, so that the quantity of gas extricated 
could not be ascertained. 


24. In the same manner 11 grains of copper were dissolved in 
100 grain measures cf impregnated oil of vitriol. The solution was 
of a deep violet-colour, and at last was turbid. The quantity of 
nitrous gas expelled into the inverted jar during the operation was 
4700 grain measures. When the copper was removed, and 200 
grains of water were added to the solution, an effervescence took 
place, 1700 grain measures. of nitrous gas were expelled, and the 
solution then acquired a blue-colour. 


25. In the same apparatus and manner, 100 grain measures of 
the impregnated oil of vitriol were applied to tin, which was thence 
diminished in weight 16 grains, while the liquor acquired a violet- 
colour, became turbid by the suspension of the calx of tin, and # 
quantity of nitrous gas was thrown into the inverted receiver equal 
to 4100 grain measures, without application of heat, and another 
quantity equal to 4900 grain measures, after the retort was put into 
a water-bath. 


26. Mercury added to the impregnated oil of vitriol formed a 
thick white turbid liquor, which was rendered clear by addition of 
unimpregnated oil of vitriol. In a little time this mixture continu- 
ing to act on the remaining mercury acquired a purple-colour. 
The mercury acted on, sunk to the bottom of the glass in the form 
of a white powder, and the purple liquor, when mixed with a solu- 
tion of common salt in water, gave no appearance of it containing 
any mercury in a dissolved state. 


27. The nitrous gas with which the oil of vitriol is impregnated 
shows no disposition to quit the acid by exposure to air ; but, on 
adding water to the impregnated acid, the gas is expelled suddenly 
with great effervescence, and with red fumes, in consequence of its 
mixture with the atmospherical air. In adding 240 grains of water, 
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to 60 grain measures of impregnated oil of vitriol, 2300 grains of 
nitrous gas were thrown into the receiver ; but as the action of the 
two liquors is instantaneous, the quuntity of gas expelled from the 
retort before its neck could be immersed in water, and placed under 
the receiver, must have been considerable. The whole of the gas, 
however, was not extricated by means of the water, for the re- 
maining liquor dissolved 5 grains of copper, while 800 measures of 
nitrous gas were thrown into the retort, (probably the receiver.) 


28. The following facts principally are established by the pre- 
ceding experiments. 1. That a mixture of the vitriolic and nitrous 
acids in a concentrated state, has a peculiar faculty of dissolving 
silver copiously. 2. That it acts on, and principally calcines, tin, 
mercury, and nickel: the latter of which, however, it dissolves in 
small quantity: and that it has little or no action on other metals. 
3. That the quantity of gas produced while the metal is dissolving 
is greater, relatively, to the quantity of metal dissolved, when the 
proportion of nitre to the vitriolic acid is small, than when large: 
and that when the metals are dissolved by mixtures, containing 
much nitre, and with a small production of gas, the solution itself, 
or the metallic salt formed in it, yields abundance of gas when 
mixed with water. 4. That dilution with water renders the con- 
centrated mixture less capable of dissolving silver, but more capa- 
ble of acting on other metals. 5. That this mixture of highly 
concentrated vitriolic and nitric acids, acquires a purple or violet 
colour when phlogisticated, either by addition of inflammable sub- 
stances, as sulphur, or by its actions on metals, or by very strong 
impregnation of vitriolic acid with nitrous gas.“ 6, That this 
phlogistication was found to communicate to the mixture the power 
of dissolving, though in small quantities, copper, iron. Zinc, and 
the regulus of cobalt. 7. That water expels from a highly phlo- 
gisticated mixture of concentrated vitriolic and nitrous acids, or of 
oil of vitriol impregnated with nitrous gas, a great part of its con- 
tained gas ; and that therefore this gas is not capable of being re- 
tained in such quantity by dilute as by concentrated acids. Water 
unites with the mixture of vitriol and nitre, without any consider- 
able effervescence. 


29. To these observations I shall subjoin one other fact, namely, 
that when, to the mixture of oil of vitriol and nitre, a saturated 
solution of common salt in water is added, a powerful aqua regis is 
produced, capable of dissolving gold and platings and this aqua 
regis, though composed of liquors perfectly colourless and free from 
all metallic matter, acquires at once a bright and deep yellow co- 
lour. The addition of dry common salt to the concentrated mix- 
tures of vitriolic and nitrous acids produces an effervescence but 
not the yellow colour; for the production of which therefore a 
certain proportion of water seems to be necessary. 


„ Dr. Priestley has noticed this colour communicated to oil of vitriol by impregnation with 
de gas or vapour, and also the eſſer esceuce produced by adding water to this impregnated 
iquor. 
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§ 1. Bergman relates, that on adding iron to a’solution of silver 
in nitrous acid, no precipitation ensued ; though the affinity of iron 
to acids generally is known to be much stronger than that of silver; 
and though, even with regard to the nitrous acid, other experiments 
evince the superior affinity of iron ; for as iron precipitates copper 
from this anid and as copper precipitates silver, we must infer the 
greater affinity of iron than silver. Inthe course of his experi- 
ments, however, some instances of precipitation occurred, which he 
attributed to the peculiar quality of the irons which he employed.* 
I was desirous of discovering the circumstances, and of investigat- 
ing the cause, of this irregularity and exception tothe generally 
received laws of affinity. 


2. I digested a piece of fine silver in pure and pale nitrous acid, 
and while the dissolution was going on, and before the saturation 
was completed, I poured a portion of the solution on a piece of 
clean and newly-scraped iron wire into a wine glass, and observed 
a sudden and copious precipitation of silver. The precipitate was 
at first black, then it assumed the appearance of silver, and was 
five or six times larger in diameter than the piece of iron wire 
which it enveloped. The action of the acid on the iron continued 
some little time, and then it ceased ; the silver redissolved, and the 
liquor became clear, and the iron remained bright and undisturbed 


* Bergman tried many different kinds of iron, and he thou;ht he found two that were cape- 
ble of precipitating silver. But e he did not di- cover the cire—:stances according to which the 
precipitation sometimes does, and at other times does rot bappen, he may have been mistake” 
with regard to the peculiar quality of these two kinds of iron. At least the several kinds which 
I have tried always precipitated silver in certain circumr tances, and always failed to precipitate 
in certain other circumstances. I do not know any other aythor who hss mentioned this sub- 
ject, excepting Mr. Kirwan, who, inthe conclusion of his valuable papers on ‘the attractive 
powers on mineral acids, says“ I have always fonnd sil cer to be easily precipitated from its 
solution in the nitrous acid by iron. The sum of the quiescent affinities being 625, and chat of 
t he divellent 746. Yet Mr. Bergman observed, that a very snturated elution of silver was tery 
difficultly precipitated, and only by some sorts of iron, eventhough the solution was diluted 
and an access of acid added to it. The reason of this curious phenomenon appears to me to be 
deducible from a circumstance first observed by Scheele. in dissolving mercury, namely, that the 
nitrous acid when saturated with it will take up more of it in its metallic form. The same thing 
happens in dissolving silver in the nitrous acid in a strong heat; for, as I defore remarked, the 
last portions of silver thrown in afford no air, and consequently are not dephiogisticated. Now 
this compound of calx of silver, and silver in its metallic form, may well be unpreeipitable by 
iron, tho silver in its metallic form preventing the calx from coming into contact with the iron, 
and extracting phlogiston from it. In this paper I shal) not enter into the explanation ef these 
appearances; but I thought it necessary to premise that what so eminent a chemist as Mr. 
Kirwan has suggested on the subject, that the reader may see at once the present state of the 
question, I shall only remark that the above explanation, not being founded on any peculianty 
in the nature of iron, seems to suppose that the silver is also incapable of being precipitated 
from such solutions as iron, cannot act on by any other metal. But this ie not the case; copper 
and zinc readily precipitate silver from these solutions. 
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in the solution at the bottom of the wine glass, where it continued 
during several weeks, without suffering any change, or effecting 
any precipitation of the silver. 


3. When the solution of silver was completely saturated, it was 
no longer affected by iron, according to Bergman’s observation. 


4. Having found that the solution acted on the iron, and was 
thus precipitated, before it had been saturated, and not afterwards, 
I was desirous of knowing, whether the saturation was the circum- 
stance which prevented the action and precipitation. For this pur- 
pose I added to a portion of the saturated solution some of the 
same nitrous acid, of which a part had been employed to dissolve 
the silver; and into this mixture, abounding with a superfluous 
acid, I threw a piece of iron, but no precipitation occurred. It 
was thence evident that the saturation of the acid was not the only 
circumstance which prevented the precipitation. 

5. Toanother portion of the saturated solution of silver I added 
some red smoking nitrous acid; and I found, on trial, that iron 
precipitated the silver from this mixture, and that the same appear- 
ances were exhibited as had been observed with the solution before 
its saturation. 


6. The same effects were produced when vitriolic acid was added 
to the saturated solution of silver, and iron afterwards applied. 


7. To some of the same nitrous acid, of which a part had been 
employed to dissolve the silver, I added a piece of iron; and while 
the iron was dissolving I poured into the liquor some of the satu- 
rated solution of silver, on which a precipitation of silver took 
place instantly ; though when the same acid had been previonsly 
mixed with the solution of silver, and the iron was then added to 
the mixture, no precipitation had ensued. 


8. The quantity of vitriolic acid, or of the red fuming nitrous 
acid, necessary to communicate to the saturated solution of silver 
the property of being acted on by iron, varies according to the 
concentration, and tothe degree of phlogistication of the acids 
added ; so that a less quantity than is sufficient does not produce 
any apparent effect. Yet, when the solution is by the addition of 
these acids brought nearly to a precipitable state, the addition of 
spirit of wine will, in a little time, render it capable of acting on 
iron. 


9. It appears then, that a solution of silver is not precipitated by 
iron in the cold, unless it have a superabundance of phlogisticated 


acid. 


It was said, at section four, that the addition of dephlogistioated nitrous acid to a saturate 
ed solution of silver did not render this solution precipitable dy iron. Yet, as this acid dissolves 
iron, such a quantity may be added, as to overcome the counteracting quality of the solution of 
silver, so that the acid shall be able to act on the iron; and while this metal is dissolving, it 
phiogisticates the mixture, which then becomes capable of being precipitated, and is in fact re- 
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10. Heat affects the action of a solution of silver on iron; for 
ir iron be digested with heat, in a perfectly saturated solution of 
silver, such as a solution of crystals of nitre of silver in water, the 
silver will be deposited in its bright metallic state on different parts 
of the iron, and the iron which has been acted on by the solution 
appears in the form of a yellow ochre. 


11. Bergman relates, that he has sometimes observed beautiful 
crystallizations or vegetations of metallic silver formed on pieces 
of iron immersed long in a solution of silver, I have found that no 
trial is able to effect this deposition, unless the solution be in a 
state nearly sufficiently phlogisticated to admit of a precipitation by 
iron, but not completely phlogisticated enough to effect that pur- 
pose immediately. 


12. Dilution with a great deal of water seemed t» dispose the 
solutions of silver to be precipitated by iron more easily. A solu- 
tion of silver, which did not act on iron, on being very much dilu- 
ted, and having a piece of iron immersed in it, during several hours, 
gave a precipitate of silver in the form of a black powder. 


§ 2. On the alterations which iron or its surface undergoes by the 
action of a solution of silver in nitrous acid, or of a pure concentrated 
nitrous acid.— 13. It has been said, that when iron is exposed to 
the action of a phlogisticated solution of silver, it instantly precipi- 
tates the silver, is itself acted on or dissolved by the acid solution 
during a certain time, longer or shorter, according to the degree of 
phlogistication, quantity of superabundant acid, and other circum- 
stances, and that at length the solution of the iron ceases; the 
silver precipitate is redissolved, if there is superfluous acid ; the 
liquor becomes clear again, but only rendered a little browner by 
having dissolved some iron; while the piece of iron remains bright 
and undisturbed at the bottom of the liquor, where it is no longer 
able to affect the solution of silver. | 


14. I poured a part of the phlogisticated solution of silver which 
had passed E these changes, and which had ceased to act on 
the piece of iron, into another glass, and dropped another piece of 
` iron wire into the liquor ; on which I observed a precipitation of 
silver, a solution of part of the iron, a redissolution of the precipi- 
tated silver, and a cessation of all these phenomena, with the iron 
remaining bright, and quiet at the bottom of the liquor, as before. 
It appeared then, that the liquor had not lost its power of acting 


duced to the same circumstances as are described at section 7. The limits of the quantities 
which produce changes cannot be ascertained, because they depend on the degrees of concentra- 
tion and phlogistication of the substances employed. and therefore, whenever a change is ssid 
to be produced by a certain substance, it means that it may de produead by some proportion, bat 


does not imply by every proportion, of that substance. Without attending to these considers, 


tions, persons trying to repeat the experiments mentioned in this paper will be Heble to be 
decei ved. 


Ch ad 
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on fresh iron, though it ceased to act on that piece which had been 
ex pose. to it. l 
15. To one of the pieces of iron which had been employed in 
the precipitation of a solution of silver, and from which the solu- 
tion, no longer capable of acting on it, had been poured off, I added 
some phlogisticated solution of silver, which had never been exposed 
to the action of iron, but no precipitation happened. It appeared 
then, that the iron itself, by having been once employed to precipi- 
tute a solution of silver, was rendered incapable of any further 
action on any solution of silver. And it is to be observed, that 
this alteration was produced without the least diminution of its 
metallic splendour, or change of colour. The alteration however, 
was only superficial, as may be supposed ; for by scraping off its 
altered coat, it was again rendered capable of acting on a solution 
of silver. To avoid circumlocution, I shall call iron thus affected, 
altered iron; and iron which is clean, and has not been altered, 
fresh iron. | 
16. To a phlogisticated solution of silver, in which a piece of 
bright altered tron lay, without action, I added a piece of fresh tron, 
which was instantly enveloped with a mass of precipitated silver, 
and acted on as usual; but, what is very remarkable, in about a 
quarter of a minute, or less, the altered iron was suddenly covered 
with another coat of precipitated silver, and was now acted on by 
the acid solution like the fresh piece. In a little time the silver 
precipitate was redissolved, as usual, and the two pieces of iron 
were reduced to an altered state. When a fresh piece was then 
held in the liquor, so as not to touch the two pieces of altered iron, 
they were also soon acted upon by the acid solution, and suddenly 
covered with silver precipitate as before ; and these phenomena may 
be repeated with the same solution of silver, till the superfluous acid 
of the solution becomes saturated by the iron, and then the disso- 
lution of the precipitated silver must cease. 


17. I poured some dephlogisticated nitrous acid on a piece of 
allered tron, without any action ensuing, although this acid readily 
acted on fresh iron; and when, to the dephlogisticated nitrous acid, 
with a piece of allered iron lying immersed in it, I added a piece 
of fresh tron, this immediately began to dissolve, and soon after- 
wards the altered iron was acted on also by the acid. 


18. On a piece of altered iron I poured a solution of copper in 
nitrous acid ; but the copper was not precipitated by the iron ; 
neither did this iron precipitate copper from a solution of blue 
vitriol. 

19. Altered tron was acted on by a dilute phlogisticated nitrous 
acid; but not by a red concentrated acid, which is known to be 
highly phlogisticated. 

20. I put some pieces of clean fresh iron wire into a concentrated 

; 8 H 
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and red fuming nitrous acid. No apparent action ensued, but the 
iron was found to be altered in the same manner as it is by a solu- 
tion of silver: that is, it was rendered incapable of being attacked 
either by a phlogisticated solution of silver, or by dephlogisticated 
hitrous acid. 


21. Iron was also altered by being immersed some little time in 
8 saturated solution of silver, which did not show any visible action 
on it. 


22. The alteration thus produced on the iron is very superficial. 
The least rubbing exposes some of the fresh tron beneath its sur- 
face, and thus subjects it to the action of the acid. It is therefore 
with difficulty that these pieces of altered iron can be dried without 
losing their peculiar property. For this reason, I generally transferred 
them out of the solution of silver, or concentrated nitrous acid, into 
any other liquor, the effects of which I wanted to examine. Or 
they may be transferred first into a glass of water, and then into 
the liquor to be examined. But it is to be observed, that if they be 
allowed to remain long in the water, they lose their peculiar pro- 
perty or alteration. They may be preserved im their altered state 
by being kept in spirit of sal ammoniac. 


23. To a saturated solution of copper in nitrous acid, which was 
capable of being readily precipitated by fresh iron, I added some 
saturated solution of silver. From this mixture a piece of fresh 
tron neither precipitated silver nor copper: nor did the addition of 
some dephlogisticated nitrous acid effect this precipitation. 


24. A solution of copper, formed by precipitating silver from 
nitrous acid by means of copper, was very reluctantly and slowly 
precipitated by a piece of fresh iron; and the iron thus acted on 
by the acid was changed into an ochre. 


25. A saturated solution of silver having been partly precipitated 
by copper, acquired the property of acting on fresh tron, and of 
being preeipitated by it. 

26. Fresh iron immersed sometime in solutions of nitre of lead, 
or of nitre of mercury in water, did not occasion any precipitation 
of the dissolved metals ; but acquired an altered quality. These 
metals then in this respect resemble silver. 


27. It is well known, that a solution of inartial vitriol, added to 
a solution of gold in aqua regis, precipitates the gold in its metallic 
state. I do not recollect, that the precipitation of a solution of 
silver, by the same vitriol, has been observed. However, on pour- 
ing a solution of martial vitrioi into a solution of silver in the nitrous 
acid, a precipitate will be thrown down, which acquires, in a few 
minutes, more and more of a metallic appearance, and is indeed 
perfect silvar. When the two solutions are partly concentrated, a 
bright argentine film swims on the surface of the mixture, or silvers 
the side of the glass in which the experiment is made. When a 
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phlogisticated solution of silver is used, the mixture is blackened, 
as happens generally to a solution of martial vitriol, where phlogis- 
ticated nitrous acid is added to it. 


I added about equal parts of water to a mixture of a phlogisticated 
solution of silver and a solutien of martial vitriol, in which all the 
silver had been precipitated, and digested the diluted mixture with 
heat, by which means most of the precipitated silver was redissolved. 
Bergman has observed a similar redissolution of gold precipitated 
by martial vitriol on boiling the mixture: but he attributes the re- 
dissolution to the concentration of the aqua regis by the evaporation. 
As this explanation did not accord with my notions, I diluted the 
mixture with water, and found that the same redissolution occurred 
both with the solution of silver and with that of gold. But with 
neither of the metals did I find that the redissolution took place, 
unless there had been a superabundant acid in the solutions of sil- 
ver and gold employed. 


28. Mercury is also precipitated in its metallic state from its so- 
lution in nitrous acid, by a solution of martial vitriol. When the 
liquor is poured off from its precipitate, this may be changed into 
running mercury by being dried near the fire. 


29. I found also that silver may be precipitated in its metallic 
state, from its solution in vitriolic acid, by addition of a solution of 
martial vitriol. A vitriol of mercury may also be decompounded 
by a solution of martial vitriol, and the mercurial precipitate, which 
is a black powder, forms globules, when dried and warmed. 


30. Luna cornea is not decompounded by martial vitriol; con- 
sequently there is no operation of a double affinity. Yet this luna 
cornea may be decompounded by the elements of martial vitriol, 
while they are in the act of dissolution: that is, the silver may be 
precipitated in its metallic state, by digesting luna cornea with a 
dilute vitriolic acid, to which some pieces of iron are added. And 
it is to be observed, that this reduction of the silver and precipita- 
tion take place, while the acid is yet unsaturated. Marine acid and 
iron applied to luna cornea effect the same reduction of the silver 
to a metallic state, even when there is more acid than is sufficient 
for both metals. 


The explanation of these phenomena will be attempted in the 
subsequent papers which I propose to present on this subject to the 
society. * 


We are not aware that Mr. Keir ever favoured the scientific wurld with the 
explanation here proposed.—EpIrT. 
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LIV.—Brief Synopsis of tie Principles of MR. James P. Espy’s 
Philosophy of Storms.* 


When the air near the surface of the earth becomes more heated 
or more highly charged with aqueous vapour, which is only five- 
eighths of the specific gravity of atmospheric air, its equilibrium is 
unstable, and up-moving columns or streams will be formed. 

As these columns rise, their upper parts will come under less 
pressure, and the air will therefore expand ; as it expands, it will 
grow colder about one degree and a quarter for every hundred 
yards of its ascent, as is demonstrated by experiments on the 
Nephelescope. a * 

The ascending columns will carry up with them the aqueous 
vapour which they contain, and if they rise high enough, the cold 
produced by expansion from diminished pressure, will condense 
some of this vapour into cloud; for it is known that cloud is formed 
in the receiver of an air-pump when the air is suddenly withdrawn. 


The distance or height to which the air will have to ascend 
before it will become cold enough to begin to form cloud, is a 
variable quantity depending on the number of degrees which the 
dew point is below the temperature of the air; and this height 
may be known at any time by observing how many degrees a thin 
metallic tumbler of water must be cooled down below the tempera- 
ture of the air, before tlie vapour begins to condense on the outside. 
The highest temperature at which it will condense, which is vari- 
able according as there is more or less vapour in the air, is called 
the “ dew point,” and the difference between the dew point and the 
temperature of the air in degrees is called the complement of the 
dew point. | 

It is manifest that if the air at the surface of the earth should at 
any time be cooled down a little below the dew point, it would form 
a fog by condensing a small portion of its transparent vapour into 
little fine particles of water, and if it should be cooled 20° below 
the dew point, it would condense about one half its vapour into 
water, and at 40° below, it would condense about three-fourths of 
its vapour into water, &c. 

This, however, will not be exactly the case from the cold pro- 
duced by expansion in the up-moving columns ; for the vapour itself 
grows thinner, and the dew point falls about one-quarter of a de- 
gree for every hundred yards of ascent. 


It follows, then, as the temperature of the air sinks about one 
degree and a quarter for every hundred yards of ascent, and the 


* Copious facts going to establish the principles contained in this Synopsis’ 
are given in Mr. Espy's Lectures. 
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dew point sinks about a quarter of a degree, that as soon as the co- 
lumn rises as many hundred yards as the complement of the dew 
point contains degrees of Fahr., cloud will begin to form. Or in 
other words, the bases of all clouds forming by the cold of dimin- 
ished pressure from up-moving columns of air, will be about as 
many hundred yards high as the dew point is below the tempera- 
ture of the air at the time. 


If the temperature of the ascending column should be 10° above 
that of the air through which it passes, and should rise to the height 
of 4800 feet before it begins to form cloud, the whole column would 
then be 100 feet of air lighter than surrounding columns; and ifthe 
column should be very narrow, its velocity of upward motion would 
follow the laws of spouting fluids, which would be eight times the 
square root of 100 feet a second, that is 80 feet a second, and the 
barometer in the centre of the column at its base, would fall about 
the ninth of an inch. 


As soon as cloud begins to form, the caloric of elasticity of the 
vapour or steam is given out into the air in contact with the little 
particles of water formed by the condensation of the vapour. This 
will prevent the air in its further progress upwards from cooling so 
fast as it did up to that point, and from experiments on the Nephe- 
lescope, it is found to cool only about one half as much above the 
base of the cloud as below—that is, about five-eighths of a degree 
for one hundred yards of ascent, when the dew point is about 70°. 
If the dew point is higher it cools a little less, and if the dew point 
is lower, it cools a little more than five-eighths of a degree in ascend- 
ing one hundred yards. 


Now it has been ascertained by aéronauts and travellers on 
mountains, that the atmosphere itself is about one degree colder for 
every hundred yards in height above the surface of the sea ; there- 
fore, as the air in the cloud, above its base, is only five-eighths of a 
degree colder for every hundred yards in height, it follows, that 
when the cloud is of great perpendicular height above its base, its 
top must be much warmer than the atmosphere at that height, and 
consequently much lighter. 


Indeed the specific gravity of a cloud of any height compared to 
that of the surrounding air at the same elevation, may be calculated 
when the dew point is given. For its temperature is known by 
experiments with the Nephelescope, and the quantity of vapour con- 
densed by the cold of diminished pressure at every point in its 
upward motion, and of course the quantity of caloric of elasticity 
given out by this condensation is known, and also the effect this 
caloric has in expanding the air receiving it, beyond the volume it 
would have, if no caloric of elasticity was evolved in the condensa- 
tion of the vapour. 


For example, according to the experiments of Prof. Walter R. 
Johnson, of Philadelphia, a pound of steam at the temperature of 
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212° contains 1030 of caloric of elasticity, and as the sum of the 
latent and sensible caloric of steam is the same at all temperatures, 
it follows that a pound of steam being condensed into 1198 pounds 
of water at 32° would heat it up 1°. And as the specific caloric 
of air is only 0.267, if a pound of vapour should be condensed into 
1198 pounds of air, it would heat that air nearly 4°, or which is 
the same thing, it would heat 119 pounds of air 4°, or 100 pounds 
48°, and in all these cases it would expand the air about 8000 
times the bulk of water generated; that is, 8000 cubic feet for 
every cubic foot of water formed out of the condensed vapour. 
And as it requires between 1300 and 1400 cubic feet of vapour, at 
the ordinary temperature of the atmosphere, to make one cubic 
foot of water—if this quantity be subtracted from 8000, it will 
leave upwards of 6600 cubic feet of actual expansion of the air in 
the cloud for every cubic foot of water generated there by con- 
densed vapour. 


This great expansion of the air in the forming cloud will cause 
the air to spread outwards in all directions above, causing the 
barometer to rise on the outside of the cloud above the mean, and 
to fall below the mean under the middle of the cloud as much as 
it is known to do in the midst of great storms. 


For example, if the dew point should be very high, say 78° 
then the quantity of vapour in the air would be about one-fiftieth 
of its whole weight, and if the up-moving column should rise high 
enough to condense one-half its vapour into cloud, it would heat 
the air containing it 45°, and the air so heated would be 45-480ths 
larger than it would be if it was not so heated. And if we assume 
a case within the bounds of nature, and suppose the cloud and the 
column under the cloud to occupy three-fourths of the whole 
weight of the atmosphere, or in other words, if we suppose the 
top of the cloud to reach a height where the barometer would 
stand at 74 inches, and the mean temperature of the whole column 
40° warmer than the surrounding air, then would the barometer 
fall under the cloud at the surface of the earth 40-480ths of 22.5, 
or a little more than two inches. 


Though the air may be driven up by the ascending column much 
higher than the point assumed in the last article, the cloud will cease 
to form at greater heights, because the dew point at these great 
elevations, falls by a further ascent as rapidly as the temperature— 
and at greater elevations, it will even fall more rapidly. If for 
instance the air should rise from where the barometer stands at six 
inches to where it stands at three inches, the dew point would fall 
about 20°, but the temperature would fall less than 200%, and there- 
fore no vapour would be condensed by such ascent. 


When a cloud begins to form from an ascending column of air, 
it will be seen to swell out at the top while its base continues on 
the same level, for the air has to rise to the same height before u 
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becomes cold enough by diminished pressure to begin to condense 
its vapour into water; this will cause the base to be flat, even after 
the cloud has acquired great perpendicular height, and assumed 
the form of a sugar loaf. Other clouds also for many miles around, 
formed by other ascending columns, will assume similar appear- 
ances, and will moreover have their bases all on the same or nearly 
the same horizontal level ; and the height of these bases from the 
surface of the earth will be the greatest about three o clock, when 
the dew point and temperature of the air is the greatest distance 
apart. 

The outspreading of the air in the upper parts of an ascending 
column will form an annulus all round the cloud, under which the 
barometer will stand above the mean; of course the air will de- - 
scend in the anuulus, and increase the velocity of the wind at the 
surface of the earth towards the centre of the ascending column, 
while all round on the outside of the annuius there will be a gentle 
wind outwards. Any general currents of air which may exist at 
the time, will of course modify these motions from the oblique 
forces they would occasion. 


The up-moving current of air must of course be entirely sup- 
plied by the air within the annulus, and that which descends in the 
annulus itself. 


The rapid disturbance of equilibrium, which is produced by one 
ascending column, will ¢end to form others in its neighbourhood ; 
for the air being pressed outwards fiom the annulus, or at least re- 
tarded on the windward side, will form other ascending columns, 
and these will form other annuli, and so the process will be con- 
tinued. . 

These ascending columns will have a tendency to approach, and 
finally unite; for the air between them must descend, and in de- 
scending the temperature of the whole column will increase, for it 
is known that the air, at great elevation, contains more caloric to 
the pound than the air near the surface of the earth, because it is 
the upper regions that receive the caloric of elasticity given out in 
the condensation of vapour into clouds. Therefore, when the air 
has descended some time in the middle, between two ascending 
columns, the barometer will fall a little, or at least not stand so 
high above the mean as it does on the outside of the two clouds, 
and so the columns will be pressed towards each other. 


If one of two neighbouring columns should be greatly higher 
than the other, its annulus may overlap the smaller one, and of 
course the current under the smaller cloud will be inverted, and 
the cloud which may have been formed over the column thus 
forced to descend, will soon disappear ; for as it is forced down- 
wards by the overlapping annulus of the more lofty column, it will 
come under greater pressure, and its temperature will be thus in- 
creased, and it is manifest that as soon as its top descends as low as 
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its base, it will have entirely disappeared, and in the mean time the 
larger cloud will have greatly increased. 


As the air above the cloud formed by an ascending column is 
forced upwards, if it contains much aqueous vapour, a thin film of 
cloud will be formed in it by the cold of diminished pressure, en- 
tirely distinct from the great dense cumulus below; but as the 
cumulus rises faster than the air above it (for some of the air will 
roll off) the thin film and the top of the cumulus will come in con- 
tact ; and sometimes a second film or cap may be formed in the 
same way, and perhaps a third and fourth. When these caps 
form, there will probably be rain, as their formation indicates a 
high degree of saturation in the upper air. 


When the complement of the dew point is very great (20° and 
more,) clouds can scarcely form; for up-moving columns will 
generally either come to an equilibrium with surrounding air, or be 
dispersed before they rise twenty hundred yards, which they must 
do in this case, before they form clouds. Sometimes, however, 
masses of air will rise high enough to form clouds, but they are 
generally detached from any up-moving column underneath, and 
of course cannot then form cumuli with flat bases ; such clouds will 
be seen to dissolve as soon as they form, and even while forming 
they will generally appear ragged, thin and irregular. 


Moreover, if the ground should be colder during the day, than 
the air in contact with it, as it sometimes happens after a very cold 
spell of weather, then ascending columns cannot exist, and of course 
no cumuli can be formed on that day, even though the air may be 
saturated with vapour to such a degree as to condense a portion of 
it on cold bodies at the surface of the earth. 


Neither can clouds form of any very great size, when there are 
cross currents of air sufficiently strong to break in two an ascending 
current, for the ascensional power of the up-moving current will 
thus be weakened and destroyed. This is one means contrived by 
nature to prevent up-moving columns from increasing until rain 
would follow. Without some such contrivance it is probable that 
every up-moving column which should begin to form cloud when 
the dew point is favourable, would produce rain, for as soon as cloud 
forms, the up-moving power is rapidly increased by the evolution 
of the caloric of elasticity. 


If it should be found by observation that an upper current of aif 
is passing from the mountains of Abyssinia over Egypt to the north, 
while the wind below is blowing from the north towards the moun- 
tains of Abyssinia, this would manifestly be one reason why * 
seldom rains in Egypt duriug the prevalence of this wind, though 
it comes highlycharged with vapour from the Mediterranean. Be 
sides, it is known that during the prevalence of this wind there are 
great rains in Abyssinia, and of course if the upper current does 
flow over Egypt from the south, it would bring in it a large portion 


By James P. Espy. 447 


of the caloric of elasticity, which it received there, in the great con- 
densation of the vapour as it rose up the sides of the mountains at 
the head of the Nile; of course the columns of air rising over 
Egypt, when they entered that current would cease to rise, for the 
temperature of that current would be many degrees hotter than 
themselves, and therefore they could not swim in it. 


Also, on the leeward side of very lofty mountains, there cannot 
be rain: for as the air on the windward side rises up the sides of 
the mountain, it will condense all the vapour which can be con- 
densed by the cold of diminished pressure, before it reaches to the 
top, and even if a cloud passes over the top to the other side, it 
would soon disappear, because in passing down the slope it will 
come under greater pressure, and thus be dissolved by the heat pro- 
duced. ‘hese are some of the causes which prevent rains at 
particular times and in particular localities. 


If, however, the air is very hot below with a high dew point, 
and no cross currents of air above to a great height, then, when an 
up-moving current is once formed, it will go on and increase in 
violence, as it acquires perpendicular elevation, especially after the 
cloud begins to form. At first the base of the cloud will be flat ; 
but after the cloud becomes of great perpendicular diameter, and 
the barometer begins to fall considerably, as it will do from the 
specific levity of the air in the cloud, then the air will not have to 
rise so far as it did at the moment when the cloud began to form, 
before it reaches high enough to form cloud from the cold of 
‘diminished pressure. 


The cloud will now be convex below, and its upper parts will 
be seen spreading outward in all directions, especially on that side 
towards which the upper current is moving, assuming something 
of the shape of a mushroom. In the mean time the action of the 
inmoving current below and upmoving current in the middle will 
become very violent, and if the barometer falls two inches under 
the centre of the cloud, the air will cool about 10°, and the base of 
‘the cloud will reach the earth if the dew point was only 8° below 
the temperature of the air at the time the cloud began to form. 
The shape of the lower part of the cloud will now be that of an 
inverted cone with its apex on the ground, and it will be what is 
called a tornado if it is on land, and a water-spout if at sea. 


On visiting the path of a tornado, the trees on the extreme 
borders will all be found prostrated with their tops inwards, either 
inwards and backwards, or inwards and forwards, or exactly trans- 
verse to the path. The trees in the centre of the path will be 
thrown either backwards or forwards parallel to the path; and 
invariably if one tree lies across another, the one which is thrown 
backwards is underneath. Those materials on the sides which are 
moved from their places and rolled along the ground, leaving a 
trace of their motion, will move in a curve convex behind; those 
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which were on the right hand of the path, will make a curve from 
left hand to right, and those on the left hand of the path will make 
a curve from right hand to left, and many of these materials will 
be found on the opposite side of the path from that on which they 
stood on the approach of the tornado. Also, those bodies which 
are carried up will appear to whirl, unless they arise from the 
very centre—those that are taken up on the right of the centre will 
whirl in a spiral from left to right, and those on the left of the 
centre, will whirl in a spiral upwards from right to left. On 
examining the trees which stand near the borders of the path, it 
will be found that many of the limbs are twisted round the trees 
and broken in such a manner as to remain twisted, those on the 
right hand side of the path from left to right, and those on the left 
hand side of the path from right to left. However, it will be found 
that only those limbs which grew on the side of the tree most dis- 
tant from the path of the tornado are broken; for these alone were 
subject to a transverse strain. 


The houses which stood near the middle of the path will be very 
liable to have the roof blown up, and many of the walls will be 
prostrated all outwards, by the explosive influence of the air within, 
and those houses covered with zinc or tin, from being air tight will 
be liable to suffer most. The floors from the cellars will also fre- 
quently be thrown up, and the corks of empty bottles exploded. 

All round the tornado at a short distance, probably not more than 
three or four hundred yards, there will be a dead calm, on account 
of the annulus formed by the rapid efflux of air above, from the 
centre of the up-moving and expanding column. In this annulus 
the air will be depressed, and all round on the outside of it, at the 
surface of the earth, there will be a gentle wind outwards ; and of 
course all the air which feeds the tornado, is supplied from within 
the annulus. Nor is this difficult to understand, when the depres- 
sion of the air in the annulus is considered, for any amount may he 
thus supplied by a great depression. 


Light bodies, such as shingles, branches of trees, and drops of 
rain or water formed in the cloud, which are carried up toa great 
height before they are permitted to fall to the earth; for though 
they may frequently be thrown outwards above, and then descend 
a considerable distance at the side, they will meet with an inblow- 
ing current below, which will force them back to the centre of the 
up-moving current, and so they will be carried aloft again. 


The drops of rain, however, will frequently be carried high 
enough to freeze them, especially if they are thrown out above so 
far as to fall into clear air, for this air will in some cases be thirty 
or forty degrees colder than the air in the cloud. In this case if the 
up-moving column is perpendicular, the hail will be thrown out on 
both sides, and on examination it will be found that two veins of 
hail fell simultaneously, at no great distance apart. 
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It is indeed probable that in all violent thunder storms in which 
hail falls, the upmoving current is so violent as to carry drops of 
rain to a great height, when they freeze and become hail. It is 
difficult if not impossible to conceive any other way in which hail 
can be formed in the summer, or in the torrid zone. 


In those countries in which an upper current of air prevails in a 
particular direction, the tornadoes and water-spouts will generally 
move in the same direction ; because the upmoving column of air 
in this meteor rises far into this upper current, and of course its 
upper part will be passed in this direction, as the great tornado 
cloud moves on in the direetion of the upper current, the air at the 
surface of the earth will be pressed up into it by the superior 
weight of the surrounding air. It is for this reason the tornado in 
Pennsylvania generally moves towards the eastward. 


If a tornado should stop its motion for a few seconds, as it might 
do, on meeting with a mountain, it would be likely to pour down 
an immense flood of water or ice, in a very small space; for the 
drops which would be carried up by the ascending current would 
soon accumulate to such a degree, as to force their way back, and 
this they could not do, without collecting into one united stream of 
immense length and weight, and of course on reaching the side of 
the mountain, this stream, whether it consisted of water or hail, 
would cut down into the side of the mountain a deep hole, and 
make a gully all the way to the bottom of the mountain from the 
place where it first struck. 


As the air spreads out more rapidly above than it runs in below, 
there will be a tendency in storms to increase in diameter, and 
also to become oblong from the influence of the upper current in 
carrying the top of the cloud in its own direction. 


At the equator, or at least those parts of it where the trade winds. 
are constant from east to west, it is probable tornadoes travel from 
east to west. For as the air in the torrid zone is about 80° im 
temperature at a mean, and the air in the frigid zone is about zero, 
the air in the torrid zone is constantly expanded by heat about 
80-448th of its whole bulk in the frigid zone. ‘This will cause the 
air at the equator to stand more than seven miles higher from the 
surface of the earth to the top of the atmosphere than at the north 
pole. The air therefore will roll off from the torrid zone both 
ways towards the poles, causing the barometer to fall in low lati- 
tudes and rise above the mean in high latitudes. This will cause 
the air to run in below towards the equator, and of course rise there. 
Now from the principle of the conservation of areas, it will fall 
more and more to the west as it rises, and of course the upper cur- 
rent of the air, at the equator, probably moves towards the west. 

However, as the air rolls off above, towards the north, it will be 


constantly passing over portions of the earth’s surface, which have 
a less diurnal velocity than the part from which it set out, and as 


450 Philosophy of Storms. 


from the nature of inertia it still inclines to retain the diurnal velo- 
city towards the east which it originally possessed, when it reaches 
the latitude of about 20° or 25°, it will then probably be moving 
nearly towards the north—and beyond that latitude its motion wilt 
be to the northeasterly. 


If violent storm clouds, which necessarily rise to a great height 
into the upper current, are driven forward in the direction of the 
upper current, it is probable that the barometer will rise higher in 
that part of the annulus which is in front of the storm, than in the 
rear, and if so, a sudden rise of tte barometer in particular localities, 
may become, when properly understood, one of the first symptoins 
of an approaching storm. 


In consequence of the high barometer in front of the storm in a 
semi-annulus, the air will be forced downwards there, and cause 
in some cases a more violent action of the air or wind backwards, 
meeting the approaching storm, than will be experienced, in the 
rear of the storm. 


As the air comes downwards in the semi-annulus in front of the 
storm, it will come under greater pressure, and therefore any clouds 
which it may contain, will probably be dissolved, by the heat of 
great pressure, and therefore on the passage of the annulus, it will 
probably be fair weather. 


Also, as the air above always contains more caloric to the pound, 
than the air below, there will be an increase of temperature on the 
passage of the annulus, partly from the increased pressure, but 
chiefly by the descent of the air; in very hot climates this increase 
of temperature, in front of the storm, will be very sensibly felt 


The increased pressure in the annulus round a volcano, when it 
suddenly bursts out, will sometimes under favourable circumstances, 
be very great, and of course the air will be depressed from a great 
height, so that some portion of the very air which has gone UP 
in the central parts of the ascending column, and formed cloud 
by the cold of diminished pressure, will be forced down to the 
surface of the earth, bringing with it the caloric of elasticity which 
it received from the condensing vapour; if so, the heat exper! 
enced at the time of this descent, will be very great. 


These hot blasts of air will alternate with cold blasts, for the ar 
which is forced down from great heights in the annulus will not 
only be very hot, but very dry, having condensed its vapour, '" 
its previous ascent. Now when this hot dry air flows inwa 
again towards the volcano and ascends, it will not form clouds 
because of its want of vapour ; and therefore the process of cloud 
forming will cease, and consequently rain and hail will cease t00 
until more air from a greater distance that has not been deprive 
of its vapour flows in and ascends. Then cloud will again begin 
to form and the violence and rapidity of the outflowing of the alt 
above will be increased by the evolution of the caloric of elasticity» 
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the barometer will rise rapidly in the annulus and fall in the cen- 
tral part of the ascending column, and these alternations may con- 
tinue while the volcano is in activity, more particularly if the 
violence of the volcano itself should be increased periodically. 


As air cannot move upwards without coming under diminished 
pressure, and as it must thus expand and grow colder and conse- 
quently form cloud—any cause which produces an upmoving 
column of air, whether that cause be natural or artificial, will pro- 
duce rain, when the complement of the dew point is small, and the 
air calm below and above, and the upper part of the atmosphere of 
its ordinary temperature. 


Volcanoes therefore under favorable circumstances will produce 
rain; sea breezes which blow inwards every day towards the 
centre of islands, especially if these islands have in them high 
mountains, which will prevent any upper current of air from 
bending the upmoving current of air out of the perpendicular 
before it rises high enough to form cloud, such as Jamaica—will 
produce rain every day; great cities where very much fuel is 
burnt, in countries where the complement of the dew point is 
small, such as Manchester and Liverpool, will trequently produce 
rain ; even battles, and accidental fires, if they occur under favor- 
able circumstances, may sometimes be followed by rain. Let all 
these favorable circnmstances be watched for in time of drought, 
(and they can only occur then,) and let the experiment be tried. 
If it should be successful, the result would be highly beneficial to 
mankind. 


Independent of its utility to the farmer, it would be highly use- 
ful to the mariner in the following way. 


As the very time and place of the commencement of the rain 
would be known, it would be easy to find out in what direction 
from the place of beginning it moved along the surface of the earth, 
and also its velocity of motion, and the shape that it assumed, 
from time to time in its progress. Now this knowledge is the 
principal thing wanting to enable the mariner, who has the power 
of locomotion, to direct his vessel so, when one of these great storms 
comes near him, as to use as much wind in the borders of the 
storm as will suit the purposes of navigation—for heaven un- 
doubted makes the wind blow for his use and not for his destruc- 
tion, provided he becomes acquainted with the laws to which it is 
subject. From the preceding principles he will be able to know in 
what direction a great storm is raging when it is yet several hun- 
dred miles from him.—From Silliman’s Journal. 
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LV.—On the Electricity of a Jet of Steam issuing from a Boiler. 
By H. G. Armstrono, Esq., in Letters to Professor Faraday.“ 


SIR, 


A few days ago, I was informed that a very extraordinary elec- 
trical phenomenon, connected with the efflux of steam from the 
safety-valve of a steam-engine boiler, had been observed at Seghill, 
about six miles from Newcastle. I therefore took an early oppor- 
tunity of going over to that place, to investigate the truth of what 
I had heard, and by so doing I have ascertained the precise facts 
of the case, which appear to me to possess so much novelty and 
importance, that I deem it right to transmit the particulars to you 
believing that in your hands they will prove most conducive to the 
advancement of science. Without further preface, I shall proceed 
to narrate what I saw and heard on the spot. 


There is nothing remarkable in the construction of the boiler, 
which is supported upon brick-masonry in the usual way. The 
safety-valve is placed on the top of a small cylinder, having a flange 
round the lower end, which is fastened by bolts to the summit of 
the boiler, between which and the flange, a cement, composed of 
chalk, oil, and tow, is interposed for the purpose of making the 
joining steam-tight. 

About three weeks ago the steam began to escape at this joining, 
through a fissure in the cement, and has ever since continued to 
issue from the aperture in a copious horizontal jet. Soon after this 
took place, the engine-man, having one of his hands accidentally 
immersed in the issuing steam, presented the other to the lever of 
the valve, with a view of adjusting the weight, when he was 
greatly surprised by the appearance of a brilliant spark, which 
passed between the lever and his hand, and was accompanied by 8 
violent wrench in his arms, wholly unlike what he had ever expe- 
rienced before. The same effect was repeated when he attempt 
to touch any part of the boiler, or any iron-work connected with 
it, provided his other hand was exposed to the steam. He next 
found that while he held one hand in the jet of steam, he commu- 
nicated a shock to every person whom he touched with the other, 
whether such person were in contact with the boiler, or merely 
standing on the brickwork which supports it ; but that a person 
touching the boiler, received a much stronger shock than one who 
merely stood on the bricks. 


These singular effects were witnessed and experienced by a great 
many persons, and among others by two gentlemen with whom I am 
personally acquainted, and who fully corroborate the above account, 
which I obtained from the engine-man. 


The boiler had been cleaned out the day before I saw it, and a 


* From the Philosophical Magazine. 
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thin incrustation of calcareous matter reaching as high as the water 
level had been removed, and the consequence was, that the indi- 
cations of electricity, though still existmg, were very much 
diminished. Still, however, what remained was very extraordinary; 
for when I placed one hand in the jet of steam and advanced the 
other within a small distance of the boiler, a distinct spark appeared, 
and was attended with a slight electrical shock. 


From the effect produced by the cleaning of the boiler, it ap- 
pears pretty obvious that the phenomenon is in a great measure, 
though not wholly, dependent upon the existence of an incrustation 
within ; and the reason why such effects do not in any degree 
attend the efflux ion of a jet of steam from a boiler in ordinary cases, 
must, l apprehend, be sought for in the fact, that in the present 
instance the steam escapes through an aperture in a non-conducting 
material, while in a vast majority of cases the escape must take 
place through a metallic orifice. Can the explosion of boilers, res- 
pecting the cause of which so much uncertainty at present exists, 
have any connexion with the rapid production of electricity which 
thus appears to accompany the generation of steam ? 


In the present case the incrustation of the boiler is very rapidly 
formed, and I therefore expect that in a few days the effects will 
have become as strong as they were at first. Whenever this takes 
place I shall again go over to witness them, and if you wish for any 
further information, I shall be glad to obtain it for you. In the 
mean time you are at liberty to make any use of this letter that 
you think fit. 


I am, Sir, very respectfully yours, 


H. G. ARMSTRONG. 
Newcastle-upon-Tyne, Oct. 14, 1840. 


Newcastle-upon-Ty ne, Oct. 22, 1840. 


Dear Sir,—I yesterday revisited the boiler at Seghill, in company 
with some friends, and took with me such apparatus as I deemed 
necessary for experimenting on the electrical steam. The results of 
this second visit I now hasten to communicate, and you will find in 
the following account of my proceedings, answers to all the queries 
you were kind enough to send me, forthe purpose of directing my 
attention to the proper points of inquiry. 

I found the boiler, and every thing connected with it, precisely 
in the state in which I have already described it, and on trying the 
steam in the same way as I did on the former occasion, the effect 
was very nearly the same; but when I placed myself on an insu- 
lating stool, the intensity of the sparks which passed between my 
hand and the boiler was greatly increased, as well as the twitching 
sensation in the knuckles and wrist, which accompanied the opera- 
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tion, and which in my former letter I designated a slight electrical 
shock. In pursuance of your instructions, I had provided myself 
with a brass plate, having a copper wire attached to it, which termi- 
nated in around brass knob. When this plate was held in the 
steam by means of an insulated handle, and the brass knob brought 
within about a quarter of an inch from the boiler, the number of 
sparks which passed in a minute was from sixty to seventy, as nearly 
as we could count; and when the knob was advanced about 
one-sixteenth of an inch nearer to the boiler, the stream of elec- 
tricity became quite continuous. The greatest distance between 
the knob and the boiler, at which a spark would pass from one to 
the other, was fully an inch. A Florence flask, coated with brass 
filings on both surfaces, was charged to such a degree with the 
sparks from the knob, as to cause a spontaneous discharge through 
the glass; and several robust men received a severe shock from a 
small Leyden jar charged by the same process. The strength of 
the sparks was quite as great when the knob was presented to any 
conductor communicating with the ground, as when it was held to 
the boiler. It appeared to make very little difference in what part 
of the jet the plate attached to the conducting wire was held; but 
when a thick iron wire was substituted for the plate, the effect was 
greatest when the wire was held very near to the orifice. The valve 
was loaded at the rate of 35lbs per square inch; but the pressure 
of the steam fluctuated considerably, which gave me an opportu- 
nity of observing that the quantity of electricity derived from the 
jet increased and diminished with the pressure. The electricity of 
the steam was positive, for when the pith balls of the electrometer 
diverged upon an instrument connected with the steam, they were 
attracted by a piece of sealing wax rubbed on woollen cloth ; and 
when a pointed wire was held by the person on the stool, under the 
shade of a hat, a pencil, and not a star, of electrical light became 
visible. 


Besides the principal jet of steam which.I operated upon, there 
were several small streams issuing from different parts of the 
boiler, and in each of these the electrometer indicated the presence 
of electricity. From the peculiar manner in which the steam blew 
off from the safety-valve when the weight on the lever was lifted, 
it was quite impossible to try any satistactory experiment upon the 
steam which was allowed to escape by that means. I applied the 
gold leaf electrometer to various parts of the boiler, which, I 
ought to observe, is in direct communication with the ground by 
means of the steam pipes, but could scarcely detect a trace of elec- 
tricity in any part of it. 

The engine has another boiler besides the one in question, and 
the two boilers lie immediately adjaccnt to each other. Having 
been informed that similar phenomena had been discovered in this 
second boiler, I proceeded to apply the electrometer to some small 
pencils of steam which were escaping in different parts, and found 


—— = 
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the same indications which I had observed under similar circum- 
stances in the first boiler.. I then raised the safety-valve, and the 
column of steam which escaped from it proved as highly charged 
with electricity as the horizontal jet which issued from the oer 
boiler, and in which the phenomenon had first been observed. 


Upon inquiry, I found that the water used in the boilers was 
obtained from a neighbouring colliery, where it was pumped out of 
the mine, and that the same water was used for the boiler of a small 
high-pressure engine adjoining the colliery from which the water 
was procured. In order, therefore, to form an opinion whether or 
not the phenomena in question was dependent upon the quality of 
the water from which the steam was generated, I proceeded to 
examine the steam evolved from the boiler to which I had been 
referred, and which proved to be a very small one. The valve was 
loaded with only twenty pounds on the square inch, and I learned 
from the engine-man that no appearance of electricity had ever been 
Noticed in the steam. Upon trial, however, I succeeded in obtaining 
very distinct sparks of electricity from the column of steam which 
issued from the safety-valve. The sparks were certainly weaker 
than those obtained at the other engine, but this may reasonably be 
sey to the inferior pressure of the steam, and smaller size of 

e boiler. 


I then repaired to another high-pressure engine, which belonged 
to the same establishment, and the boiler of which was supplied 
with rain water instead of that drawn from the mine. In this case 
the pressure of the steam was forty pounds on the square inch. 
The valve was inaccessible, but a „ jet of steam was ob- 
tained from the upper guage- cock; I could not, however, obtain 
any trace of electricity in the steam from this boiler, not even suffi- 
cient sensibly to affect the gold- leaf electromoter. The presumption, 
then, is exceedingly strong, that the phenomenon is in some way 
occasioned by the peculiar nature of the water from which the 
steam is produced. I enclose you a specimen of the incrustation*, 
of a month’s growth, deposited by the water from the mine in the 
boilers in which it is used. 


I shall be glad to receive any further instructions from you as to 
the proper mode of pursuing the investigation, and should be 
much gratified to hear your opinion as to the cause of this most 
curious phenomenon t. 

I am, dear sir, 
Very respectfully yours, 
H. G. ARMSTRONG. 

M Faraday, Esq. 

The incrustation is grey and hard; it contains traces of a soluble muriate 
and sulphate, but consists almost entirely of sulphate of lime, with a little oxide 


of iron and insoluble clayey matter, carried in probably by the water. There 
is hardly a trace of carbonate of lime in it.— M. F. 


+ The evolatiun of electricity by vaporization, described by Mr. Armstrong 
3K 
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LVI. Experiments on the Electricity of High-Pressure Steam. By 
H. L. Pattinson, Esq., F. G. S. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 


A very singular phenomenon, viz., the production of electricity 
by two steam-boilers, has been observed in this neighbourhood 
within the last few weeks, the particulars of which I have the 
pleasure of transmitting to you for publication in your valuable 
Journal. The boilers in question are situated at Cramlington Col- 
liery, eight miles north-east of Newcastle, where they supply 
steam to a high-pressure engine of 28-horse power, employed on 
the waggon-way to haul full and empty waggons to the top of two 
inclined planes, leading to the colliery on the one hand, and to the 
river Tyne on the other. The boilers are cylindrica), with circular 
ends, each twenty-one feet long, and five feet diameter. They 
are supplied with water from an adjacent pond by iron feed-pipes, 
four inches diameter, and the steam they produce is conveyed to 
the working cylinder by other iron pipes, six inches diameter, 
which pipes form also a direct metallic communication between the 
tops of the boilers. By means of appropriate valves the steam is 
supplied to the cylinder from one or other boiler at pleasure. A 
pipe, two inches diameter, leads from the bottom of one boiler on 
the outside of the brick-work to the ash-pit, through which the 
sediment deposited by.the water is occasionally blown from one of 
Scott’s patent collecting cones, and a similar pipe is attached to the 
other boiler. The boilers are set in brick-work in the usual way, 
the fires below, with flues reaching all round, and passing into the 
chimney also in the usual manner. The flues are covered with 
large flat bricks, and in the space between the boilers the two flues 
are necessarily separated by a brick wall. The safety-valves are 
attached to the boilers by flange joints; and between the flanges, 
to render them steam-tight, is placed a ring of plaited hemp covered 
with a cement of litharge, sand and linseed oil, mixed up together, 
and when applied of the consistence of glaziers’ putty. This 
cement, as it soon becomes hard, is used about the engine for steam 
Joints which occasionally fail; but all the joints of the pipes are 
made of iron borings and sal-ammoniac, as ordinarily employed by 


is most likely the same as that already known to philosophers on a much smaller 
scale, and about which there are as vet doubts whether it is to be referred to a 
mere evaporation, as Harris says, or to chemical action, according to others. 
This point it neither settles nor illustrates; but it gives us the evolution of elec- 
tricity during the conversion of water into vapour, upon an enormous scale, and 
therefore brings us much nearer to the electric phenomena of volcanos, water- 
spouts and thunder-storms, than before.—M. F. 


By H. L. Pattinson. 457 


engine-wrights. The steam is worked at a pressure of thirty-five 
pounds per inch. 


The joint between the top of one of the boilers and the seat of 
its safety-valve had given way, and steam was issuing forcibly 
through this aperture, when on Tuesday, September 29th last, the 
engine-man, William Patterson, while standing with this current of 
steam blowing upon his legs, took hold of the weight attached to 
the lever of the safety-valve, to try the strength of the steam, when 
he felt a peculiar pricking sensation in the ends of his fingers, but 
as the steam prevented him from seeing distinctly, he thought he 
had merely struck his fingers rather suddenly against the weight. 
On Friday, October 2nd, on taking hold of the lever, he again felt 
a sensation in his fingers of the same kind as before; and on Sa- 
turday, the 3rd, on touching the weight, this sensation was 
stronger, and more distinct ; so much so, as to arrest his attention 
and lead him to mention it to some other workmen employed about 
the engine, who all handled the weight, and convinced themselves 
there was something about it very unusual. During the time they 
were thus employed, Patterson applied his finger gently to the 
lever, and perceived a spark. This was repeated by the whole 
party, and they soon found that sparks could be obtained from any 
part of the end of the boiler, as far as the valve upon the steam- 
pipe connecting the two boilers, and also from the pipe through 
which the sediment is blown, as already described. They observed 
further, that while standing in the volume of steam issuing from 
the joint, and touching the boiler, these sparks were always much 
stronger than when the boiler was touched by a person not in the 
current of steam. In one or two cases, according to their account, 
when the current of steam issuing from the joint was very strong, 
the person exposed to it being probably partially insulated by 
standing upon the dry and warm brick-work surrounding the boiler, 
gave strong sparks to others out of the current on bringing his 
hands to theirs ; and once or twice they felt, under these circum- 
stances, something like a slight electrical shock. It may be ob- 
served, that at this time the weather was exceedingly fine and dry. 
It was not long before the engineer of the colliery, Mr. Marshall, 
became acquainted with these circumstances, and his first feeling 
was to apprehend that the boiler was in danger of exploding, 
for, as he said, when there was fire on the outside of the boiler, 
he. did not know what there might be within.” He accordingly 
sent to Messrs. Hawks’s, of Gateshead, who built the boiler, for 
a person to examine it, and Mr. Golightly, their manager in that 
department, went out on Wednesday, the 7th inst., for that pur- 
pose. He gave his opinion as to the safety of the boiler, and 
returned much surprised at the phenomena it presented. The 
pa, ere circumstance of a steam-boiler yielding electrical sparks, 
and giving shocks, now began to be noised abroad ; and my friend, 
Mr. Henry Smith, of Newcastle, who had heard the account 
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both from Mr. Golightly and Mr. Marshall, wrote me a note ac- 
quainting me with the matter, and desiring me to go with him to 
see it, which I did on the 11th inst., and again on the following 
day, having with us the second time proper electrical apparatus. 
On our first visit, the boilers being unplugged and empty, we 
merely satisfied ourselves as to all the particulars of their setting, 
etc., already detailed. Next day, on our arrival, we found the 
engine at work, the steam up to a pressure of thirty-five pounds 
an inch, and blowing off strongly at the joint in the boiler. The 
day was a little damp, but yet not unfavourabe, and we were in- 
formed on alighting that the indications of electricity were very 
faint and weak; however, we proceeded to our examination, of 
which the following is the result.— | 


1. On touching the boiler with the blunt point of a penknife 
anywhere about the circular end, the weight or the safety-valve 
itself, with the steam strongly blowing out of the joint, but with no 
part of the person exposed to the volume of steam, no spark could 
be perceived whatever. 


2. On immersing one hand in the current of steam, and touch- 
ing the parts of the boiler already named with the point of a pen- 
knife held in the other, a very minute but distinct spark was per- 
eeived, and this occurred equally on all parts of the boiler, or 
safety-valve, within reach. 


8. By standing in the current of steam, so as to allow it to blow 
forcibly upon the person, the spark became larger; it was then 
one-eighth of an inch long. i 


4. On holding a large shovel in the current of steam with one 
hand, and touching the boiler with a penknife held in the other, a 
spark was obtained three-eighths of an inch long. 


5. The cap of a gold-leaf electrometer, the bottom of which was 
held in the hand, was applied to the weight, the body of the 
eperator being entirely out of the current of steam ; and no diver- 
gence was produced whatever. 


6. The electrometer held in the hand had its cap applied to the 
weight, the other hand of the operator being immersed in the cur- 
rent of steam: strong divergence was immediately produced. 


From this it was evident that the electricity proceeded from the 
steam ; but as the boiler-house was damp, so that insulation by 
glass could not well be preserved, a copper wire was attached to 
the shove] already mentioned, the end of which wire terminated in 
the engine-house, some yards distant from the boiler-house, where 
was placed a table. The shovel was held by Mr. Smith in the 
current of steam, with its edge about an inch and a half from the 
aperture through which the steam issued, and the wire leading 
away from the shovel was insulated by being attached to sticks of 


sealing-wax held by assistants. Mr. Smith stood on an insulating 
stool. 


By II. L. Pattinson. 459 


7. On touching a pith- ball electrometer, the threads of which 
were five inches long, with the insulated wire leading from the 
shovel held as mentioned, the balls diverged four inches with posi- 
tive electricity. 

8. The wire was attached to an insulated tin conductor, when it 
yielded sparks half an inch in length. 


9. A pointed wire attached to this conductor exhibited the brush 
of light a quarter of an inch long, which always attends the escape 
of positive electricity from a point into the air. 


10. A small jar was now charged so strongly as to give a rather 
disagreeable shock. By this time a large crowd of men, women 
and boys from the “ Pit Raw,” or pitmen’s residences near the 
colliery, attracted by the novelty and singularity of the circum- 
stances, had gathered about us, filling the engine-house and looking 
on with great cariosity and interest. A circle of sixteen of these 
men and women was formed, and they received together, much to 
their surprise and merriment, a powerful shock from the charged 
jar. This was several times repeated, the numbers receiving the 
shock varying each time from twelve to twenty. 


11. A stout card was perforated by a discharge of the jar; and 
cotton wrapped round the end of a copper wire and dipped in 
pounded resin, readily set on fire. 


12. When the edge of the shovel was made to approach the 
aperture through which the steam issued as near as three-quarters 
of an inch, very vivid and bright sparks of that length passed 
continually between it and the boiler. 


13. The second boiler did not discharge steam through any 
fissure, but on lifting its valve by the hand it blew off in a strong 
current. When the shovel was held in one hand in this current 
of steam issuing from the safety-valve, and the boiler was touched 
with a penknife held in the other, a spark passed exactly, as under 
the same circumstances in the boiler subjected to the above 
experiments. 

From this it would appear that the steam of both boilers was in 
the same electrical condition. 


During the whole of these experiments the engine was doing 
its work as usual, occasionally going and occasionally standing ; 
but no difference was observed in the electricity given off by 
the steam. 


I have been most careful to supply an exact account of the facts 
of this extraordinary, and, as far as I know, unprecedented case, 
but I do not offer any theory to account for the phenomena. It is 
hardly possible to suppose that there is any local peculiarity about 
these boilers, or the place where they are situated, to occasion the 
highly electrical condition of the steam produced in them; and yet 
it 18 as difficult to suppose the fact of high-pressure steam being 
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electrical, a general one; for if it were so, it could hardly, up to 
this time, have escaped observation. The conditions, therefore, 
under which steam becomes electrical require to be investigated, 
and it is not unlikely that the investigation may lead to important 
résults. I am, Gentlemen, 


Your obedient Servant, 
H. L. Pattinson. 
Bentham Grove, Gateshead, 


October 19, 1840. 
Ibid. 


LVII.—Specification of a patent for an Improvement in Manu- 
Jacturing White Lead. Granted to Smithu Garpner, city of 
New York, August 28, 1840. 


To all whom it may concern: Be it known, that I, Smith 
Gardner, of the city of New York, in the state of New York, have 
invented an improvement in the process of manufacturing white 
lead, known to the chemist under the name of carbonate of lead; 
and I do hereby declare that the following is a full and exact 
description thereof. 


The first part of my procedure consists in the treating of metallic 
lead by the well known process by which a pulpy substance is pro- 
duced, which is known to mannfacturers under the name of subox- 
ide of lead. This process consists in the placing of granulated lead, 
or lead in fragments, in vessels lined with sheet lead, and contain- 
ing water. These vessels may be in a cylindrical form, and made 
to revolve on their axes, like barrel churns, or they may have a 
reciprocating instead of a revolving motion; and they may be, and 
have been, varied in form in different ways, the only essential point 
in their construction being that the lead contained within them 
may be subject to continued attrition. Thus far, the process is 
indentical with that which has been adopted and followed in many 
manufactories, in which it has been attempted to manufacture 
white lead from the suboxide of lead so produced. 


In these attempts it has been proposed to carbonate the suboxide 
of lead, by putting portions of carbonate of potash, carbonate of 
soda, or other carbonates, into the water with the lead undergoing 
attrition, it having been supposed that the alkaline carbonate would 
give up its carbonic acid to the oxide of lead, as said oxide was 
formed. Independently of the known affinities of the respective 
articles named, I have proved, by repeated experiments, on a large 
scale, that carbonate of lead cannot be produced in that way. 
Another attempt to convert the suboxide of lead, obtained by tritu- 
ration, into white lead, has been by taking the said pulpy oxide, 
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agitating it in a vessel containing water, and forcing a stream of 
carbonic acid, or of carbonic acid mixed with atmospheric air, 
through it. By this process a carbonate of lead has been produced, 
but in so imperfect a manner, as to leave it destitute of all the es- 
sential properties of that article; wanting the density, body, and 
freedom from colour, found in good white lead. In consequence 
of these defects, the attempts hitherto made to manufacture white 
lead from the suboxide produced by triturating fragments of lead 
in leaden vessels, under water, have proved abortive ; but, by a 
very simple variation of the process, I have succeeded in producing 
good white lead, which has been pronounced by judges to be 
equal to the best that is imported. 


As it was fairly proved that the suboxide would not combine 
with the carbonic acid, after said suboxide had been fully formed, 
I determined to vary the process so as to present the carbonic acid, 
in conjunction with a portion of atmospheric air, to the suboxide of 
lead in its nascent state; and this I have found perfectly effectual. 
In order to effect it, 1 triturate my lead with water in leaden cylin- 
ders, or other vessels, as above described, but, instead of leaving 
the vessels open, or perforating them, for the admission of atmos- 
pheric air, I make them close, by means of suitable shutters, or 
stoppers, which may be removed whenever it is necessary so to do ; 
and during the whole time that the trituration is continued, I in- 
troduce carbonic acid, accompanied by atmospheric air, into the 
triturating vessels. When these vessels are in the form of hori- 
zontal cylinders, I pass the gases into them through hollow gud- 
geons; a mode of construction and procedure well known to ma- 
chinists ; under other forms or modes of constructing my triturating 
vessels, I adopt whatever means J may consider the best for intro- 
ducing the gases within them. The result of this process is, that 
the nascent suboxide of lead presented to the oxygen of the at- 
mospheric air, and to the carbonic acid, combines with them, and 
at once produces a perfect carbonate of lead, possessing all the 
essential properties of that article. I in general open each tritu- 
rating vessel once in about twelve hours, to remove the carbonate 
of lead which has been formed within it. This may be done more 
or less frequently, according to circumstances. 


When the carbonate of lead thus manufactured, is first obtained, 
it generally has a light tinge of blue, but this disappears in the 
process of drying, and it is not important, therefore, to adopt means 
to prevent it; I have found, however, that by introducing a very 
small portion of the vapour of vinegar in conjunction with the 
atmospheric air and carbonic acid, the white lead is at once obtained 
perfectly free from colour. 

The carbonic acid may be generated by the combustion of coal, 


or by the decomposition of carbonate of lime, or of other car- 
bonates. 
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Having thus fully shown the manner in which I conduct the 
process of manufacturing white lead, or carbonate of lead, and 
pointed out the difference in the process as adopted by me from 
those heretofore followed, what I claim therein as of my invention, 
and desire to secure by letters patent, is, simply, the introduction of 
carbonic acid and of atmospheric air into closed vessels, in which 
fragments of granulated lead is subjected to long continued attri- 
tion in water ; the introduction of these gases being intended to 
supply the portion of oxygen and of carbonic acid necessary to 
convert the nascent suboxide of lead into white lead; by which 
means a perfect combination is effected, and the desired result 
attained, as herein set forth. Smita GARDNER. 


Specthcation of a patent for Manufacturing Carbonate and other 
Salis of Lead. Granted to Homer Horrann, Westfield, 
Massachusetts, November 8d, 1838. 


To all to whom these presents shall come: Be it known, that T, 
Homer Holland, of the town of Westfield, in the county of Hamp- 
den, and state of Massachusetts, have invented several new im- 
provements in processes for e aes making, and producing 
pulpy compounds from Metallic lead, and of converting said pulpy 
lead into sulphate and carbonate of lead for white pigments ; and 
also for making of said pulpy lead into chromate of lead, known as 
chromic yellow ; which special improvements in compounding have 
not heretofore been known or used: and that the following is a full 
discriminating, and exact description of said methods, sufficient in 
detail to distinguish the same from all other processes, and to en- 
able any one skilled in chemistry to apply and use said improve- 
ments understandingly. The special improvements which I would 
describe and claim, consist, Ist. In using any alkaline salt, or 
substitute, in the moistening solution for the charge and chamber, 
or open headed cylinders, described and mentioned in my patent 
dated the 18th day of March, 1836, whose elements consist essen- 
tially of oxygen, carbon, and hydrogen, in any proportions, instead 
of alkaline carbonates, before recommended and employed, as they 
augment the electro-chemical action, increase the product, and 
modify and facilitate the combination of the elements with nascent 
pulpy lead, by their presence, or catalytically. 

Acetates of lead, whether neutral or basic, also sugar, and even 
alcohol, may be advantageously used in the solution, to moisten 
charge, chamber, and pulp. 


2d. In adjusting the pulpy plumbic compound, produced as 
described in my said patent, for acetate and nitrate of lead, or with 
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the catalytic additions with neutral chromate of potash or soda, or 
by dissolving the alkaline chromates in water, and using this chro- 
mic solution as the moistening of charge and chamber. 


The chronic pulp, after subsiding, may have most of all the 
alkali withdrawn hy decantation, and the remainder neutralized by 
washing with water, made acid by sulphuric or other acid, 


The commercial bichromates of potash and coda are to be made 
neutral by the addition of suitable proportions of their respective 
bases. 


The economy of the above process, in making chromate of lead, 
is in substituting the plumbic compounds in their nascent state, for 
the expensive plumbic salts, acetate and nitrate, now usually em- 
ployed in the manufacture of chromic yellow. 


8d. In my said patent for oxidizing and producing lead pulp, 
although, in the incipient stage of the operation, the lead may be 
ən under oxide, the subsequent exposure, in the open-headed 
chambers, to the continuous and conjoint action of the elements 
which constitutes the atmosphere, water, and catalytic additions, 
together with the friction, andthe known and established property, 
or capacity, which all metals, in a minute state of division, have 
of absorbing, ‘‘ dissolving,” or combining with, all elements with 
which they are in contact, constrains me to disclaim the opinion, 
that plumbic pulp, under any circumstances, can be considered a 
definite compound, and much less an oxide ; but that it is a com- 
pound of lead, into which the elements, hydrogen, carbon, and 
nitrogen, and their compounds, enter, as well as oxygen. 


By the foregoing explication of the pulpy plumbic compound, 
the following rationale of the modifications of the pulp, in convert- 
ing it into a perfect carbonate, or sulphate, will be apparent. 
After carbonating the pulp with certain catalytic additions, artifi- 
cially, should there be any basic salt, it 1s to be removed by washing 
in an alkaline solution, boiling, particularly in making the sulphate 
of lead, the pulp must be boiled to modify the plumbic hydrate by 
more highly oxydizing the pulp. 

The sulphate of lead is made directly from the pulpy lead, 
modified and oxydized by heat, while in its moistened state, by 
digesting it, in any quantity, with sulphuric acid of commerce; 
previously diluted with twice its measure of water, (more or less,) 
and suffering the acid thus diluted to become perfectly cold, previ- 
ous to adding the pulpy lead. 


It is necessary to boil the dilute sulphuric acid and pulp 
thoroughly together in a shallow leaden vessel, with rather an excess 
ef acid, that the product may become a perfect sulphate ; in this; 
great caution is requisite, otherwise the product will be, more or 
less, a mixture of sulphate, hypo-sulphate, or sulphanide of lead, 


3 L. 
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and its colour changed by mixing and painting in oil. Besides, it 
will not be as dense, fine, and fusible. 


All the pigments should be thoroughly washed in several waters, 
-and may be dried by the well known methods. ä 


The cylinders mentioned in said patent, I now make about four 
feet in length, and thirty inches in diameter, wholly of lead, either 
sheet or cast, about one-fifth of an inch in thickness. The ends 
are entirely open, except an inner rim to retain charge and moisten- 
ing fluids, or solution, with forming pulp, and allow a free circu- 
lation of the atmosphere for its elements. 


They are mounted on an axis, passing through their centres, 
and the centres are of iron, with arms which are attached to the 
rims of each end of the cylinders. The rotations may vary from 
six to nine times a minute, and are moved by a drum and belt, or 
other gearing. The pulpy lead may be withdrawn every six, eight, 
or twelve hours. The medium charge is fifty pounds, and the 
moistening fluid, or solution, from three pints to three quarts, or 
more. 


I claim, Ist. The process and method of using the alkaline salt, 
carbonates, and other catalytic substitutes, as hereinbefore men- 
tioned, in moistening charge, and chambers, described and mer- 
tioned in said patent, in producing pulpy plumbic compounds ; 
and I do not intend to restrict their application and use to pulpy 
leads produced by revolving chambers alone, but to extend their 
application to the compounds of lead produced by other methods 
of friction, whether substituted, or adopted, tu evade my chambers. 


2d. I claim making chromate of lead, as above specified and 
described. 


3d. I claim modifying the pulpy plumbic compounds above de- 
scribed for carbonate of lead, and particularly the processes de- 
scribed for making a definite sulphate of lead, by digesting, 
boiling, and washing, us above discriminated, and made plain aad 
distinct. Homer Hot.anb. 


= Remarks by the Editor—We have inserted the three foregoing 
specifications on the manufacturing of white lead, and of: other 
compounds of lead, because the particular process upon which they 
are dependent, that of producing these compounds from lead com- 
minuted by trituration, has, of late, excited much interest, and 
been a subject of frequent inquiry. The first of these specifica- 
tions leads to the conclusion, that Mr. Holland supposed this pro- 
cess to be new in the year 1836, whilst the tact is that it was the 
subject of a patent obtained by Joseph Richards, of Philadelphia, 
in the year 1818. A manufactory was also established at Norris- 
town, Pennsylvania, in which the triturating process was em- 
ployed, and after essaying the thing for a considerable length of 
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time, the plan was given up. The white lead produced was defi- 
cient in body, and its colour was said not to be good. 


That Mr. Holland found the process of 1836 defective, is to be 
inferred from his patent of 1838, for improvements in it. We 
should be glad, however, to obtain his own account of this matter, 
as we inight err greatly by detailing the information received from 
others. 

Mr. Holland’s second specification we think much more elaborate 
than clear; had language more simple been used, it would have 
rendered his meaning more obvious to the great body, even of those 
“ skilled in the art.” We have ventured to insert, and to change 
a few words, where we thought that it might be safely done, but 
further than this we have not gone. 

On the 7th of June, 1838, Mr. William Cumberland, of New 
York, obtained a patent for a process of manufacturing a white 
pigment, the specification of which we published in vol. xxiii. p. 
402. The patent obtained by Mr. Gardner is, it will be seen, for 
a particular variation of the process of oxidizing and carbonating 
the pulpy lead, and by which, he states, a very superior white lead 
is obtained ; and his statement has been corroborated by others. 
We shall have something further to say on this subject. 

Journal of the Franklyn Institute. 


LVIII.—On the course or path of the Electric Fluid. By HEN 
Dircks, Esa. 


Read before the Literary and Phiosophical Society of Liverpool, Nov. 16. 


Although we have two principal theories by either of which we 
may account for electrical phenomena, yet as is well known there 
is no theory that is universally adopted. We prefer that of Du 
Fay of two fluids, the resinous and vitreous, whereas in America 
the Franklinian theory of a single fluid continues to be received. 
It is certainly a curious and remarkable fact, that this important 
point which appears to be at the very head of our inquiry, in in- 
vestigating the nature of this exceedingly subtle agent, should 
have so long withstood every effort that has been made to develope 
its operation ; and that with our expended means of pursuing this 
interesting investigation, philosophers should still remain divided 
in opinion. We agree that it is the same agent which is at work 
in atmospheric, frictional, magnetic, voltaic, organic and thermo- 
electricity. The same data are taken up by the favourers of either 
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theory to prove their severab positions; that influence of posnis is 
alike advanced to prove the existence of one and of two fluids. 
Franklin and all electricians after him, speak of the star and the 
brush, the former negative, the latter positive ; whereas Dr. Fara- 
day contends that under favourable circumstances, and especially 
in some gases, the negative and positive points both offered the 
electric brush of light. We are all familiar with the experiments 
proposed as evidence of the existence of a single fluid, as the action 
of a flame between two balls, one positively, the other negatively 
electrified, by which the latter becomes very much heated ; the 
stream of air produced when a point proceeds from a conductor; 
the manner of charging the Leyden phial ; and especially that 
given by Mr. Lullin, when the discharge of a jar is made to per- 
forate a varnished card, between two points on either side, but 
half an inch asunder, by which the point proceeding from the 
negative side invariably perforates the card, although a hole may 
have previously been made opposite the positive point, where a 
perforation does not otherwise occur; also the common discharge 
through a card placed against a charged jar, where a burr is pro- 
duced on both sides, but more markedly if the card is set vertically 
between the points of the universal discharger, when the burr will 
be found larger on the negative side, where the positive electricity 
may be supposed to make its exit, and smaller on the positive side, 
the outlet for the negative or resinous electricity. The appearance 
by perforating bodies, might at first seem conclusive that there are 
two fluids, but it has occurred to the writer, and may be worthy of 
notice here, in explanation of the double burr, though he has never 
met with any notice of a similar view of this subject, being taken 
by others, that, as the electric fluid is so rapidly excited by friction, 
pressure, and slighter causes; the electric discharge itself, by ¥s 
amazing rapidity, may become the exciter of a quantity of the 
fluid previously latent, which brought into activity, a reaction may 
be thereby produced, and this whether there is one or two fluids. 
This seems to be both a reasonable and highly probable conse- 
quence. 


We here have instances of the effects of the electric fluid, but 
can neither arrive at any conclusion respecting its nature, nor as- 
certain the direction of its course. As we might hope to arrive at 
something more conclusive by considering this latter point, which 
indeed is the main object of the present paper, we shall proceed to 
this more important inquiry. 

One known means of tracing the passage of the electric dis- 
charge is that made when the points of the universal discharger are 
placed an inch apart on a card, having a broad line painted on it 
with vermillion, when the discharge leaves a well defined irregular 
black line. Observation in this way, however, is very limi 
We wish to arrive, for instance, at something definite whether 
there is one or two fluids—and we wish to see in the path it takes 
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whether it passes right over, meets half way, or passes side by side. 
In short, what are the peculiarities exhibited by the discharge of 
the Leyden jar? 

Dr. Faraday, in his most excellent and alaborate “ Researches,” 
states that an ever present question on his mind has been, Whe- 
ther electricity has an actual and independent existence as a fluid 
or fluids, or was a mere power of matter, like that we conceive of 
the attraction of gravitation. If determined either way,” he adds, 
“it would be an enormous advance in our knowledge.” Not only 
every experiment which has for its object the elucidation of elec- 
trical phenomena, but likewise the opinions of electricians may 
truly be said to be of extreme value. It is well, therefore, that 
Dr. Faraday has put on record as well in what he succeeded as in 
what he failed. The ill success of one may suggest another course 
of experimental inquiry to some other worker in this prolific field 
of scientific research, and thus we may hope gradually to develop 
many important results in connexion with electrical science, from 
which, with good cause, we expect to reap many discoveries of 
great practical benefits. 


It early appeared to me quite within the range of possibility to 
render this active fluid a tell-tale, as it were, of its own progress, 
especially in conducting the discharge of the Leyden battery. I 
felt convinced of this from what has already been noticed of the 
piercing of cards, the black line left on a vermillion coloured card, 
and also from the markings leſt on the uncoated glass by the 
spontaneous discharge of an overcharged jar. But my object was 
to obtain evidence on a larger scale, and of a more conspicuous 
character. 


My first experiments were made with a piece of window glass 
four inches square, smeared on one side with a mixture of flowers 
of sulphur and white lead ground together with gum water, laid 
evenly on the glass and dried. When placed against the side of 
the Leyden jar, the charge may be passed over it by using the 
discharging rod, in which way a dark brownish line two or three 
inches long, having a circuitous course, is easily produced. 


Not satisfied with this result I at length adopted a plan which 
successfully affords an interesting illustration of the path of the 
electric fluid through a considerable space, varying with the quan- 
tity of charged coated surface. From 18 inches to 2 feet is easily 
obtained witha gallon jar, or battery of equal capacity, provided 
the electrical machine is in good working order. The means of 
effecting this will appear very simple, though the conditions requi- 
site for its success are not so obvious as might at first appear. 
Take a broad oblong plate of glass, place under it a sheet of white 
paper, then by striking a fine hair-sieve containing iron filings, let 
fall on the glass an equal distribution of the filings until they com- 
municate a dark-grey shade over the paper. The glass so prepared 
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is to be placed in the line of communication for making the dis- 
charge. When this is done with the white paper under the glass, 
the result is most conspicuous, beautiful, and interesting. The ap- 
pearance that instantly follows is something like a map of a ser- 
pentine river, with often small branches issuing out in many 
streams at some of its principal windings and again running into 
the main branch. Throughout the tortuous course of this passage 
the iron filings are swept away to the breadth of one-eighth toa 
quarter of an inch and upwards by the rapid transit of the fluid, 
with as much neatness and precision as if carefully removed by 
some process requiring extreme care and delicacy of manipulation. 
Often a few grains form an irregular central line. If a short piece 
of crooked wire in the form of a ring, arch, or helix, be placed in 
or a little out of the direction of the fluid, it is made part of the 
circuit, and the filings are not disturbed if any arched form or 
immediate connection offers a more perfect conductor. On shaking 
the filings off the glass no trace appears to remain, until breathed 
upon, when a clear thread like line, having a slight dark colour, 
becoines distinctly observable.* 


The success of this experiment seems to depend on a pccuuat 
arrangement, and the best 1 have found, is to have the Leyden jar 
placed on the edge, and touching the filings at one end of the glass 
plate ; a perpendicular rod of thick wire being at the other, from 
the top of which, a connexion may be made (by a discharging rod, 
with the ball of a Leyden phial. A full charge is requisite to make 
a good marking of the path, and the filings should not be too 
thickly spread, otherwise the electricity passes over in flashes ; 8 
communication, too, should be made between the outside of the jar, 
and some gool conductor. The vertical pillar at the further end of 
the plate, has been formed to answer when long thin bent wires 
proved quite ineffectual. 


It is only to be regretted that this beautiful experiment leaves 
the subject still open to enquiry ; but this may be one step, which, 
in other hands, may be made serviceable in obtaining greater results. 
I cannot pass over, in this place, mentioning a very easy means of 
tracing, and so registering, the several experiments made at each 
discharge. This is done by taking the glass, strewed with filings, 
and having a marking which is to be copied ; on each end or down 
each side place a thin lath, on this lay another, but of plain glass of 
equal size over all place a slip of paper long enough for a tracing. 
Now, rest the glasses between two tables set apart, or between two 
flat bars of wood, resting on a table, and in such a situation, that 
a small lighted candle placed on the floor, will throw the shadow of 
the filings up through the glass on the back of the paper. There 
being no other light in the room, this is easily done. Or by giving 
a coating of thick glue to cartridge paper; this, if carefully man- 
aged, would take up the filings off the glass, and show a reversed 


A description of tbe apparatus will be seen at the end of the article. 


— — — 
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specimen of the electric path. In this way I have taken the filings 
and preserved the figure made by the magnet. 


Another experiment, too interesting to be omitted, was performed 
with a few sheets of strong printing paper, stitched like a pamphlet. 
In the first experiment made with this, it was laid on the table of 
the universal discharger, and the balls being removed, the blunt 
pointed wires were placed on the paper, an inch and a quarter 
asunder ; the discharge of a very large jar, slit the paper, giving 
it the form of two small folding doors. With a mixture of equal 
parts of flowers of sulphur, and red !ead, the face of the upper and 
three lower leaves were strewed over. The result on making the 
discharge was not always the same—thus 


Ex. 1. In a passage of one and a quarter inch, the positive end 
was harmlessly passed over for more than one-third, leaving only 
a dark line on the top leaf; from hence to the negative end, the 
paper was ripped open, the cut being in shape like the letter H. 
On examining the lower or second leaf, the remaining two-thirds 
of the passage, that is, the horizontal line of the H., presented a 
broad black marking, which had struck also to the under side of 
the upper leaf. The third leaf was untouched. 


Ex. 2. This was precisely the same as the foregoing, with the 
exception of being a shorter path, and more violently torn, so that 
the rent, formed a very oblong H., and the positive side was unin- 
jured for near half way. The remaining half, which we call the 
negative side, showed a broad black band on the faee of the second 
leaf. 


Ex. 3. This passage was remarkable from the paper being 
pierced on the positive side, clear of the rent beyond it, which was 
of a very imperfect H form. The paper was unmarked and unin- 
jured for a quarter of the path on the positive side, at the end of 
this the paper was pierced with a small hole. On the second leaf, 
a round black spot occurred, corresponding with this terminus of 
the positive side, and at the negative end where the rent begins, 
there was another black spot or star, both connected by a straight 
cut in the paper not discoloured, and branching off right and left at 
the negative end, in form like a T. The third leaf not marked. 


Ex. 4, Here the passage from the positive was marked one- 
third with a faint line, at the end of which a small hole appears, 
and another hole at the commencement of the negative passage, 
without tearing the paper. On the second leaf these holes have 
corresponding black perforated spots, and on the third leaf there is 
a broad black mark, with a corresponding. one on the upper side 
of the leaf above it. These black marks are all very like the re- 
Presentation of mountains in a map, and have a white band running 
through their centre. i 


Here, as in Mr. Luliin’s experiment, there is a tendency on the 
negative side to enter the paper, although its surface is covered 
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with a conducting substance. There is more violence, too, on this 
side, where indeed we have a disruptive discharge. These experi- 
ments are on many accounts exceedingly interesting. It would 
appear as if the positive or vitrious electricity had greater velocity 
than the negative, that the two electricities meet at this point, and 
uniting cause an explosion, followed in this instance by a chemical 
effect—the production of a sulphuret of lead, which marks only the 
remaining two-thirds of the path. This, if correct, would seem to 
offer some modification in the remarks Dr. Faraday makes on the 
current—he says, It is a most important part of the character of 
the current, and essentially connected with its very nature, that it 
is always the same. The two forces are every where in it. There is 
never one current of force, or one fluid only. Any one part of the 
current may, as respects the presence of the two forces there, 
be considered as precisely the same with any part; and the nume- 
rous experiments which imply their possible separation, as well as 
the theoretical expressions which, being used daily, assume it, are, 
I think, in contradiction with facts.“ What he next adds is too 
remarkable in connexion with our experiments not to call for spe- 
cial notice. “ It appears to me to be as impossible to assume a 
current of positive or a current of negative force alone, or of the 
two at once with any predominance of the one over the other, as it is 
to give an absolute charge to matter. (1627.) The establishment. 
of this as a fact or its disproof he justly considers of the utmost 
importance. 

We might almost be inclined to inquire in reference to the elec- 
trical experiment from the consideration of which we have digressed. 
Has the resinous electricity a tendency downwards, aud the vitreous 
a tendency upwards? Or. has the latter greater velocity than the 
former? Or do these experiments at all prove “that the centres 
of the two forces (or electricities), or elements of force, can be 
separated to any sensible distance ?” 

November, 1840. 

Fig. 2, plate vii., Shows the arrangement of apparatus for making a long path 
through iron filings. A, the Lexden jar; B, a glass pillar mounted with a wire 
supporting the metal bar C, D. A, D, B, a plate of glass strewed over with iron 
filings. C, E, F, the discharging rod by which to complete the connexion in 
making the discharge. 

Fig. 3. A, B, D, the glass plate and filings displaying the path of the electric 
fluid. A, the negative end, B, the positive. - 


LIX.—On Electro-Magnetic Forces. By J. P. Jour, Esq. 


67. I have in my last paper described a method of constructing 
the electro-magnet which is attended by great results. The, few 
additional experiments which I have now the pleasure of submit- 
ting to the readers of the Annals,” are, I think, confirmatory 
of the principles before advanced. 

68, A piece of stub iron was (as in the manufacture of gun bar- 
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rels) formed into a spiral and welded on a mandril into the shape 
of a thick tube, by which process the iron was rendered very com- 
pact and sound throughout. This, and another piece of iron which 
was intended for an armature, were planed, turned, and fitted with 
eye hole screws in the manner that I have previously described 
39)“. In fig. 1, pl. vii. C. represents the electro-magnet, D. the ar- 
mature, and A. B. a conductor of copper rod or wire passing along 
one side, returning by the axis, and then away by the other side, 
so as to go about the whole once only, and in a shape somewhat 
similar to that of the letter S. The length of the electro-magnetic 
cylinder is two feet; its external diameter is 1°42 in., and its inter- 
nal, 0°5 in.; the weight of the iron of the magnet, with the screws, 
is 6 lbs. 11 oz.; that of the armature $ lbs. 7 oz.; and the least 
sectional area of the magnetic circuit (49), 10% square inches. 
This electro-magnet, in order to distinguish it from the rest, I call 
No. 5. 


69. A copper rod, è of an inch thick, was covered with a ribbon 
of cotton, and bent about the cylinder as I have just described. 
The electro-magnet and its armature were then secured, by means 
of cords passing through the eyeholes, to strong pieces of iron 
affixed to the levers (43). A battery consisting of eight of the 
cast iron cells (66), each of which presented an effective surface of 
two square feet, was arranged as a single pair, and, in connection 
with the electro-magnet, induced a lifting power of about 1350 lbs. 


70. Being aware that a bundle of thin wire is a much better 
conductor than a rod of the same weight and length, I removed 
the copper rod and substituted for it a bundle, consisting of 60 
copper wires, each 1-25th of an inch thick. With this arrangement 
it was found that 16 cast iron batteries, in a series of 2, produced 
a lifting power of 1856 lbs., or 183 times the weight of iron em- 
ployed in both the magnet and its armature. 


71. Now, by dividing the power thus obtained by the least sec- 
tional area of the magnetic circuit upon which it is induced, we 
have a specific power of 181, which is only two-thirds of that which 
a comparison with other electro-magnets would lead us to expect. 
This deficiency is, I think, mainly owing to the very small relative 
quantity of conducting metal about this (No. 5) electro-magnet, a 
deficiency which demands a proportionate increase of battery 
power, in order to produce the same effects. This, with the diffi- 
culty of making the weight bear evenly on every part of so long a 
cylinder, may, I think, satisfy us that, if every circumstance were 
strictly attended to, its maximum lifting power would obey the 
general rule. 

72. Having suspected that the extreme power of the large electro- 
magnet, No. 1f, had not been attained in my last experiments, on 


* Annals for September, WI. 5, p. 190. 

+ See Table 4, Annals, Vol. ö, p. 193. 

ł For a description of this electro-magnet, see (39), Vol. 5, p. 190. It has 
3M 
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account of the imperfect insulation of its coils (45), I was deter- 
mined to try it again, and to use every precaution which was calcu- 
lated to develope its magnetism to the full extent. The old wire 
was removed, and 21 copper wires 1-25th of an inch thick, and 23 
feet long, were bound together by cotton tape. This was wrapped 
on the iron, which had been previously insulated by a piece of 
calico. 

78. Sixteen cast-iron cells, of the same size as those previously 
described, were then arranged in a series of four, and connected by 
sufficiently good conductors to the electro-magnet. The power 
which was then necessary to break it from its armature was 277 5lbs., 
or nearly a ton and a quarter. An immense weight, when it is 
considered that the whole apparatus, magnet, armature, and coils, 
weighs less than 26lbs. 


74. Now by the formula z = 280 a (51), we have 280 X 10 = 
2800 for the greatest lifting power of this electro-magnet, or only 
25lbs. more than that actually found, which cannot but be con- 
sidered as a striking proof of the accuracy of the general principles 
I have before advanced (49). That the saturation of the iron was 
very nearly effected, appears from the fact that the quantity of 
electricity used above, was fourtimes as great as that which was 
competent to make the same electro-magnet carry 19 cwt. 


75. Although the battery that I have used for obtaining maxri- 
mum effects is very powerful, a very good lifting power may be 
attained by means of a very small voltaic arrangement. For in- 
stance, No. ! can carry 8 cwt. when the current generated by a 
single pair of 4-inch plates of iron and amalgamated zinc, is passed 
through its coils; and with single plates of platinized silver and 
amalgamated zinc, exposing only two square inches of surface, the 
attraction is such as to require the utmost force I can exert, even 
to slide the armature. 


Broom Hill, near Manchester, November, 23rd, 1840. 


Errata in Mr. Joule s paper on Electro-Magnetic Forecs.— 
Vol. 4, p. 478, table 4, for 16°6 read 1:66. Vol. 4, p. 481, line 25, 
for considerable read considerably. Vol. 5, p. 196, table vii., for 
26 and 11 read 2°6 and 1'1. 


been presented to the “ Royal Victoria Gallery” of Manchester, where it still 
remains on exhibition. 
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BRITISH ASSOCIATION PROCEEDINGS 
AT GLASGOW, 1840. 


Dr. Playfair “On a New Fat Acid. — Dr. Playfair had examined 
some of the vegetable fats, for the purpose of ascertaining whether the 
margaric acid contained in them possessed a constant composition. He 
remarked that the acid in the butter of nutmegs was peculiar, and had 
not formerly been examined. Pelouze and Bondet have stated in the 
Annales de Chimie, that it is margaric acid. Dr. Playfair considered 
that the radicals of screcic and cenanthic acid were similar; in the 
furiner, however, one equivalent of hydrogen is replaced by one equiva- 
lent of oxygen. II is a beautiful white crystalline compound melting 
at 498 C., and is soluble both in alcohol and ether. The combination 
of the acid with oxide of glyceril, exists in the butter; it unites with 
metallic oxides and forms salts: these were described, but the results 
are not susceptible of analysis, as they were principally numerical. 


The formula of the acid is C H O. 
7 28 54 3 


Dr. Etiling “ On the Indentity of Spiroilous and Saliculous Acid.” 
— The oil discovered by M. Pagenstecher, and obtained by the distil- 
lation of the smræa ulmaria, has already attracted considerable atten- 
tion. Dr. Ettling had analyzed it previously to the appearance of M. 
Piria's valuable paper on Salicyl. The oil decomposes into two oils on 
keeping, one of which is specifically lighter, the other heavier than 
water. Dr. Ettling discovered that the latter possessed the same com- 
position as hydrated benzoic acid. The action of ammonia on the oil 
gives rise to sume new interesting compounds. In order to obtain these 
compounds it is indifferent whether saliculous or spiroilous acid be 
employed. The final product of the action of ammonia upon these, is 
the amide of salicyl (salicylamide). This body evidently belongs to 
the class of amides, for it does not evolve ammonia, on the addition 
either of potash or of acids. The cause of its formation is as follows : 
three atoms of saliculous acid unite with three atoms of ammonia, and 
form saliculite of ammonia, whilst three of hydrogen and oxygen com- 
bine together and form water. This salicylamide unites with copper, 
iron, and lead, forming compounds. 


Professor Liebig On Poisons, Contagions, and Miasms. — Dr. 
Playfair stated that he had prepared, at the request of the author, a 
statement of Professor Liebig's new views on the subject of poisons. 
Poisons might be divided into two classes, those belonging to the inor- 
ganic and organic kingdoms. Many substances were called inorganic 
poisons which had in reality no claim to be considered as such. Sul- 
phuric, nitric, and muriatic acid, when brought into contact with the 
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animal economy, merely destroyed the continuity of the organs, and 
might be compared, in their modus operandi, to the action of a heated 
iron, or a sharp knife. But there are others—and these are the true 
inorganic poisons—which entered into combination with the substance 
of the organs without effecting any visible lesion of them: Thus it is 
known, that when arsenious acid or corrosive sublimate is added toa 
solution of muscular fibre, cellular tissue, or fibrin, these enter into 
combination with them, and beceme insoluble ; when they are intro- 
duced into the animal organism the same circumstance must happen. 
But the bodies formed by the union of such poisons with animal sub- 
stances are incapable of putrefaction; they are incapable, therefore, of 
effecting and suffering changes; in other words, organic life is de- 
stroyed. Fhe high atomic weight of animal substances explains the 
cause of such small quantities being requisite for producing deadly 
effécts. After stating several chemical details on this subject, it was 
shown that to unite with 100 grains of fibrin, as it exists in the human 
body, (in which it is combined with 30,000 parts of water) only 34 
grains of arsenious acid are necessary, or 5 grains of corrosive subli- 
mate. ‘I'he second class of poisons were those belonging to the organic 
kingdom. For some such substances as brucia and strychnia, no data 
exist by which it can be determined to what cause their action may be 
assigned. But the morbid poisons, such as putrid animal and conta- 
gious matter, appear to owe their action to a peculiar agent, which 
exerts a much more general and powerful action than chemists are 
uware of. Thus, when oxide of silver is thrown into peroxide of 
hydrogen, the oxide ig reduced, and metallic silver remains, Here 
there can be no affinity, for oxygen can have no affinity for oxygen. 
It is merely that a body in a state of motion or decomposition 1s 
capable of inducing upon or imparting its own state of motion or de- 
composition to any body with which it may be in contact. There is 
a disease frequently produced in Germany by using decayed sausages 
as an article of food. The symptoms attending the disease are re- 
markable, and distinctly indicate its cause. The patient afflicted with 
the disease becomes much emaciated, dries to a complete mummy, and 
finally dies. The muscular fibre and all parts similarly composed disap- 
pear. The cause of this evidently is, that the state of decomposition, in 
which the component parts of the sausages are, is communicated to the 
constituents of the bluod, and this state not being subdued by the vital 
principle, the disease proceeds until death ensues. It is remarkable 
that the carcases of the individuals, who have died in consequence of 
it, are not subject to putrefaction. The cause of the action of con- 
tagious matter is similar. It is merely a gaseous matter in the state 
of transformation, and capable of imparting the state of transposition, 
in which its atoms are, to the elements of the blood. It is capable of 
being reproduced in the blood just as yeast causes its own reproduc- 
tion in fermenting wort. The causcs of the action of yeast and of 
contagion were shown to be the same, and examples were produced in 
which similar reproductions take place in common chemical processes. 
There are two kinds of yeast used in the brewing of Bavarian beer. 
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The fermentation caused by one is tnmultuons ; that produced by the 
other is tranquil. They, therefore, induce the peculiar state of trans- 
position in which their atoms are upon the elements of the sugar. 
The same was shown to be the case with the vaccine virus of cow and 
human small-pox, of which, one produces a violent action upon the 
constituents of the blood, whilst the other causes a gentle action quite 
distinct from the former. 


Professor Hannay said he could not exactly coincide with the views 
proposed regarding the action of inorganic poisons, as he was con- 
vinced the cause of their virulence was owing to something further than 
mere combination with the animal membranes; nor could he coincide 
in the comparison brought forward by Dr. Playfair, that sulphuric and 
oxalic acids merely acted like a heated iron, by destroying the con- 
tinuity of particular organs. He thought that through the course of 
the inquiry chemistry had been too much kept in view, and that medi- 
cine had not been sufficiently consulted. It was singular to see us 
brought back to the time of Hi ippucrates, who also had affirmed that 
contagious matter was a kind of yeast acting in the blood. Dr. Play- 
fair explained that Professor Liebig expressly states in his report, that 
this subject cannot be completed without the co-operation of physio- 
logists; that he had therefore merely brought forward the purely 
chemical part of the inquiry, and hoped thereby to draw the attention 
of physiologists to its fucther investigation. Hippocrates had certainly 
compared the action of yeast with that of contagious matter, and the 
comparison was so apt that it could scarcely be avoided ; but the merit 
of Liebig’s views is, that he has explained the neon of yeast, and 
shown that it is owing to a peculiar agent which has hitherto escaped 
attention, but which plays a very important part in the phenomena of 
combination and decomposition. 


PROF. FORBES IN THE CHAIR. 


On the Decomposition of Glass, By Sır Davip BREWSTER. 


There is no subject more curious or more instructive than the dis- 
integration of crystallized and uncrystallized bodies, either by the 
direct influence of chemical agents, or the slow process of natural de- 
composition. At the Edinburgh Meeting of the Association, I sub- 
mitted (said Sir David) to this Section a brief account (which has been 
since published in an enlarged form in the Edinburgh Transactions) 
of remarkable optical phenomena produced by the instantaneous action 
of water and other fluids on crystals, and on their subsequent decom- 
position when placed in their saturated solutions. Since that time I 
have had occasion to examine the phenomena of decomposed glass, 
both of that which is found in Italy, of which I have received the 
finest specimens from Mrs. Buckland and the Marquis of Northamp- 
ton, and of other specimens recently found in making excavations 
among the ruins of the Chapter-house of the Cathedral of St. Andrew's. 
In decomposed glass, the decomposition commences in points, and 
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extends itself either in planes so as to form thin films, or in concentrie 
coats so as to form concentric films. When the centres of decomposi- 
tion are near each other, the concentric films or strata which they form 
interfere with each other, or rather unite, and the effect of this is, that 
the glass is decomposed in film of considerable irregularity, their sur- 
faces having a finely mammillated appearance, convex on one side and 
concave on the other. The films thus formed are of extreme beauty, 
and afford, by transmitted light, colours of infinite beauty and variety, 
surpassing anything produced in works of art. They have the effect 
of dissecting, as it were, the compound surface of the solar spectrum, 
or of sifting and separating the superimposed colours, in a manner an- 
alogous to what is produced by coloured and absorbing media. I have 
succeeded, indeed, in producing one or more bands of white light in- 
capable of decomposition by the prism; and there can be no doubt 
that they will be found to exercise a similar or an analogous action on 
the leading rays on the thermometric spectrum. In the decomposed 
glass from St. Andrews, a change of a very different kind is effected. 
In some cases the siliceous and metallic elements of the glass are se- 
parated in a very singular manner, the particles of silex having released 
themselves from the state of constraint produced by fusion and subse- 
quent cooling, and arranged themselves circularly round the centre of 
decomposition ; while the metallic particles, which are opaque, have 
done the same thing in circles alternating with the circles of the silice- 
ous particles. This restoration of the silex to its crystalline state, is 
proved by its giving the colours of polarized light, and possessing an 
axis of double refraction.—The notice was illustrated by diagrams and 
specimens of the different kinds of glass referred to. 


Prof. Forbes observed that few persons can furm any correct concep- 
tion of the total amount of the value of glass used in the various optical 
instruments, on the correct action of which so much depended. Whe- 
ther the decomposition which Sir David Brewster had now brought 
under notice, arose from the action of the atmosphere, or from inter- 
molecular action, as Sir David Brewster seemed to think, or from some 
original defect in making or annealing the glass, it was of the utmost 
consequence. Dr. Traill had given him a specimen of a piece of 
plate glass manufactured near Liverpool, which, when polished, proved 
to be filled with fissures and flaws in the interior; and he informed him 
that the manufacturers had no means of ascertaining the defect, which 
frequently occurred, until they had gone to the expence of polishing 
the plates.—Sir David Brewster said, that the value of the glass em- 
ployed in philosophical instruments was indeed incalculable, and that 
the most valuable glass articles manufactured by Frauenhofer,* of 
Munich, seemed to be peculiarly liable to some superficial decomposi- 
tion of this kind. A prism of this glass in the Observatory of Paris 


M. Lamont, the Frofessor of Astronomy at Munich, who is in the constant habit of using 
Frauenhoſer's glasses, was not present at this conversation; but he afterwards informed Sir 
David Brewster that there was an casy and effectual remedy for this tendency of Frauenhofer's 
glass to deteriorate on the surface, which was, to rub it frequently with the finer parts of whit: 
„ by elaborating a mass of whiting in water, the fine powder to oe dried and used on ol 
soft linen. 
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had become absolutely black. A prism belonging to himself had be- 
come quite blue on the surface, although as yet its action on light was 
not effected. The large object glass of the principal telescope in the 
Observatory of Edinburgh had began to show decided symptoms of su- 
perficial decomposition; and many other instances also could be men- 
tioned. He considered it of the utmost importance that a remedy 
should be discovered and applied.—Frof. Forbes mentioned soine in- 
stances of this kind of decomposition taking place in telescopes on the 
continent, which showed that it was nothing peculiar to our climate.— 
Sir David Brewster did not think it arose from atmospheric action at 
all, but from some mutual action of the particles of glass themselves.— 
Prof. Forbes, Then why is it confined to the surface ? why does it not 
pervade the mass of the glass >—Sir D. Brewster, Because at the sur- 
face the particles have more freedom than within ; and if the new com- 
pounds are larger than the glass itself, then they have power to expand. 


On the Rings of Polarized Light produced in specimens of Decom- 
posed Glass. By Sir David Brewster. 


In the course of a series of experiments On the Connexion be- 
tween the Absorption of Light and the Colours” of thin plates, pub- 
lished in the Phil. Trans. 1837, I accidentally observed under the 
polarizing microscope certain phenomena of polarized tints of great 
beauty and singularity. These tints were sometimes linear and 
sometimes circular, and in some specimens they formed beautiful 
circular rings traversed by a black cross, resembling the phenomena of 
mineral crystals, or those produced by rapidly cooled circular plates or 
cylinders of glass. Having found in the decomposed glass from St. 
Andrews that the siliceous particles had resumed their position as re. 
gular crystals, and arranged themselves circularly round the centre of 
decomposition, I was led to suppose that this was the cause of the 
phenomenon, and that the rings were the effect of the double refrac- 
tion of the minute crystals. A few experiments, however, overturned 
this hypothesis, and I was soon satisfied, by a little further investiga- 
tion, that the phenomena arose wholly from the polarization of the 
transmitted light by refraction, the splendid colours being entirely 
those of thin plates, which were sometimes arranged so as to have the 
appearance of concentric rings. The structure by which these effects 
were produced, was compared by the author to a heap of very deep 
watch-glasses laid one above another. When the thin films were 
arranged longitudinally, and were inclined to the general surface of 
the plate, so as to transmit the rays obliquely, the hight was still 
polarized, but only in one plane—namely, a plane perpendicular to 
the plane of incidence. hen a drop of water or oil was introduced 
between the films, the phenomena of polarization as well as of colour 
instantly disappeared. (This paper was illustrated by coloured 
drawings.) 
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On the action of Nitrie Acid on the Chlorates, Iodates, and Bromates 
of Potassa and Soda. By Prof. F. Penny. 


The present communication contains the details and results of some 
experiments undertaken with the view of obtaining additional confir- 
mation of the correctness of the author’s researches on equivalent 
numbers. In this he has been disappointed, as the action is attended 
by circumstances which render it inapplicable to so delicate a purpose 
as the determination of equivalent numbers. The results, however, 
that he has obtained are new, and he considered them of sufficient 
interest to be worthy the attention of the Section. In order to examine 
the action of nitric acid upon chlorate of potassa, a known weight of 
the salt was mixed in a retort with a measured quantity of the acid, 
and the mixture heated on a sand bath; as soon as it became warm, 
chlorine and oxygen were evolved in a state of mixture and not of 
combination, and the chlorate slowly disappeared. The solution was 
then evaporated to dryness, and the saline residue was found to be a 
mixture of byperchlorate and nitrate of potassa, in the proportion of 
three equivolents of the latter to one of the former. The author ex- 
presses the reaction that takes place as follows :— 


4(K-|-Cl-|-O ) and 3(N-|-O )=(K-|-Cl-|-O ) and 3(K-j-N-|-O ) and 
6 5 8 
Cl and O ° 
3 13 


The action of nitric acid on chlorate of potassa differs, then, from 
the action of sulphuric acid on the same salt. With nitric acid the 
salt is decomposed tranquilly, and the chlorine and oxygen liberated 
uncombined, whereas with sulphuric acid these gases are evolved in a 
state of combination, forming that dangerously explosive compound, 
chlorous acid. Nitric acid is therefore to be preferred for the prepara- 
tiun of hyper-chlorate of potassa, as with it the operation may be 
conducted without those violent detonations that are so apt to occur 
with sulphuric acid. The action of nitric acid on chlorate of soda is 
the same as upon chlorate of potassa. The chlorine and oxygen 
set free are in a state of mixture, and every four atoms of chlorate 
yield three of nitrate and one of hyper-chlorate. The hyper- 
chlorate of soda is a very soluble salt, and crystallizes in small 
rhombs. It is readily decomposed by heat, but is unacted upon by 
hydrochloric acid. It deliquesces by exposure to the air. The 
action of nitric acid on an iodate is very different from that on a 
chlorate, and is well illustrated in the case of iodate of potassa. 
When iodate of potassa is boiled for some time with a large excess 
of nitric acid, it is decomposed into potassa and iodic acid, the 
potassa combines with its proportionate quantity of nitric acid, 
forming the nitrate, and the iodic acid is deposited from the solation 
in minute, hard, and transparent crystals. If the acid solution of 
nitre, containing the iodic acid, be then evaporated, a reaction takes 
place; the iodic acid decomposes half of the nitre, sets free its 
nitric acid, and combines with the potassa, forming the biniodate. 
This change is completed when the mixture is dry, and if the heat 
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be then withdrawn a definite mixture of biniodate and nitrate is 
obtained. If the heat be continued, a still further change occurs, 
the iodic acid expels the whole of the nitric acid, which is evolved 
as nitrous acid, and oxygen and neutral iodate of potassa remain. 
By adding a fresh portion of nitric acid to this iodate, the same 
changes may be produced by a proper regulation of the temperature. 
By acting upon iodate of soda with nitric acid, Prof. Penny has obtain- 
ed a biniodate of soda, and by adding a considerable excess of 
of iodic acid to a solution of iodate of soda he has found a teriodate 
of soda. Both of these salts are anhydrous. The biniodate of 
potassa contains one atom of water. He also finds that crystals of 
iodate of soda contain different quantities of water, according to 
the strength of the solution from which they have deposited. From 
a hot and strong solution of this salt crystallzies in acicular tufts, 
and these crystals contain two atoms of water. If the solution be 
rather weak, long four-sided prisms are obtained, and these con- 
tain six atoms of water. If a solution of iodate of soda be evapo- 
rated spontaneously, large irregular prisms deposit, and these con- 
tain ten atoms of water. They effloresce rapidly by exposure to 
the air, and lose in this way eight atoms of water. The action of 
nitric acid upon bromate of potassa was next examined, and was 
found to differ remarkably from the actions of this acid on the 
chlorate andiodate. Neither hyper-bromate nor bibromate is pro- 
duced, but merely nitrate of potassa. The nitric acid sets free the 
whole of the bromic acid, and this, at the moinent of its liberation 
is resolved into its elements, bromine and oxygen. In conclusion, 
the author remarks that the action of nitric acid on these three 
classes of salts affords a ready method of distinguishing them from 
one another. 


On the tests for Sulphuric Acid when thronn on the Person. By R. 
D. Tuomson, M. D. 


The object of the author was to discuss the accuracy of the 
modes of testing sulphuric acid when employed for criminal pur- 
poses, and especially when thrown on the person. A case had 
lately occurred to him in practice, and which was brought before 
the last sessions of the Central Criminal Court, which proved that 
the mode of determining the presence of free acid by mere testing 
was by no means satisfactory. A woman in a fit of rage threw a 
quantity of oil of vitriol at the face of a cab-master in the neigh- 
bourhood of Euston Square, and before the unfortunate sufferer 
could wash off the acid two minutes had expired ; the consequence 
was, loss of vision in the eye. The author stated, that having at- 
tentively considered this case, and made a series of experiments on 
the eyes of dead animals, he had discovered that this kind of blind- 
ness was perfectly curable, and he had accordingly proposed an 
operation for this purpose in a paper read at the Medical Section. 
But besides having his face injured, the hat of the mee was dis- 
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coloured also by the acid. This article of dress was sent to the 
author, to determine the nature of the agent in this work of destruc- 
tion. The result of this experiment was, that the injured hat, as 
well as an uninjured one, contained sulphuric acid, as tested by 
nitrate of barytes, and a solution of the soluble matter of both states 
of this article of dress afforded an acid reaction. It was therefore 
necessary to adopt some method which would afford a discrimina- 
tory test between the free and combined acid; the usual mode, 
viz. by boiling with carbonate of Jead, and concluding, if any inso- 
luble sulphate of lead was formed. that the acid existed in a free 
state, was found to be totally fallacious, because carbonate of lead 
decomposes sulphate of soda, contrary to the opinion stated in 
works of medical jurisprudence. Besides, it was shown that many 
of the usually so called neutral sulphates exhibit, in reality, an acid 
reaction upon test-paper, as in the instances generally of sulphates 
of potash, iron, soda, barytes, and also in the cases of alum, &c. ; 
and hence the excess of acid attached to these salts would be apt to 
act as free acid upon the barytes test. The author, therefore, con- 
cludes, that the only demonstrative proof which chemistry affords 
is a quantitative analysis. Thus he found the entire hat to contain 
356 per cent. of sulphuric acid, probably in the state of alum or 
copperas, and the injured hat 1.379 per cent.; or, in other words, 
the hat had received by the injury 1.023 per cent. of free sulphuric 
acid. Here there was afforded clear evidence of the nature of the 
agent employed to effect the injurious object, which could not have 
been conclusive if the matter examined had only amounted to a 
drop or stain. The author directed attention to a point connected 
with sulphuric acid in a medico-legal point of view, viz. that the oil 
of vitriol of commerce always contains, in this country, nitric acid, 
in addition to various other impurities. Barruel has stated, that 
sulphuric acid is capable of dissolving platinum. The author has 
not been able to satisfy himself that it dissolves any sensible quan- 
tity of gold-leaf. Barruel attributes the property, which he states 
it to possess, of dissolving platinum, to the sulphuric acid assuming 
the function of muriatic acid. But the author is not aware of any 
experiment which would authorize this conclusion. He is rather 
inclined to attribute the action, if such an occurrence takes place, 
to the muriatic acid which is present in all the oil of vitriol pre- 
pared from sulphur that he has examined. It is given out in 
sensible quantities when a solid oil, such as cocoa nut oil, is acted 
on by sulphuric acid. This he ascertained several years ago, when 
examining some Indian oils, and Dr. Kane has since corroborated 
the fact of the existence of muriatic acid in oil of vitriol, although 
the author has not been able to observe the solution of any sensible 
quantity of gold-leaf by the action of oil of vitriol per se; yet if 
a few drops of muriatic acid be added, the action becomes very 
powerful, and by the application of heat platinum also is dissolved. 
These facts, therefore, prove that whenever we have oil of vitriol 
we may expect also nitric acid. The author added, that he knew 
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of no certain mode of detecting the presence of nitric acid save by 
the property which it possessed of dissolving gold and platinum by 
the addition of muriatic acid. Pure morphia has no action upon 
nitric acid. It is the resin which generally accompanies that alka- 
loid which produces the characteristic yellow colour. But the 
author found that preparations of opium in which the resin was 
excluded, afforded no colour when nitrie acid was added. From 
an examination of numerous cases of poisoning by opium which 
had appeared before the Middlesex coroners, he had come to the 
conclusion that the resin-of-opium test for nitric acid, afforded only 
au auxiliary method of arriving at the truth, as its characters were 
frequently usurped by other organic substances. 


On the Resin of Sarcocolla. By Professor JouNnsTon. 


The resin of carcocolla of commerce is separated by water into 
three portions: 1. A gum (A) which does not dissolve in water or 
alcohol, but which is in a great measure washed out by means of 
the former solvent. 2. A portion (B) insoluble in water, but solu- 
ble in alcohol, which is of a resinous aspect, and is represented by 
C HO. The hydrate is C H O ＋3 HO when dried at 60°. 

40 32 14 40 32 14 
This portion B, is separated (decomposed ?) by bases into two or 
more organic compounds, the alcoholic solution giving with neutral 
acetate of lead a salt containing an organic constituent represented 
by CHO. Ammonia throws down from the mixed solutions a 


40 25 16 
second salt of lead, the constitution of the organic constituent in 
which has nat yet been determined. 3. The portion taken up by 
water from the crude sarcocolla, when evaporated to dryness, is 
separated by alcohol or ether into a soluble (C) and an insoluble 
portion (D). 4. The soluble portion C dried at 212, gave discor- 


dant results approaching to C H O, but when treated with bases 
40 32 15 


gave salts containing organic constituents of a different constitution. 

A neutral acetate of lead throws down a salt represented by 

P60+C H O, and the subsequent addition of the neutral tris- 
40 28 1 


5 
acetate a salt represented by 2P6O- -C TO . 5. The portion 
40 6 


D, insoluble in alcohol, but soluble in water, consists of a gum and 
of asubstance which is precipitated by neutral acetate of lead in 
curdy flocks. The investigation is still in progress, and the results 
are to be considered as open to correction. 


On Resins. By Professor JohNsox. 


In this paper the author drew attention to the following facts, 
apparently established by a table of analytical results, which he 
exhibited, and had printed: — 1. That the resins differ from each. 
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other in the quantity of oxygen they contain. 2. That those in 
which the atoms of oxygen is the same, the hydrogen may vary, 
and that this is another cause of difference in the properties of the 
resins. 2. That in all the resins hitherto carefully analyzed, the 
number of atoms of carbon is constant. 4. That the resins, as a 
natural family, may be represented by a general formula containing 
two variables. 5. That the known resins divide themselves into 
two groups, possessing unlike chemical and physical properties. 
That of one of these groups, colophony, may be considered as the 
type, and that it is represented by C H a xOy; that gamboge, 
fon 


or dragon’s blood, may be considered as the type of the other 
group, which is represented by C H =- Oy. 
w 21— 


On a New Salt oblained from Iodine and Caustic Soda. By Prof. 
Fren. PENNY. 


While examining the action of iodine on carbonate of soda, a 
salt was obtained, which crystallized in regular six-sided prisms, 
and which gave by analysis sodium, iodine, and oxygen, in propor- 
tions not corresponding to any known compound of these elements. 
The same salt was also prepared by saturating a solution of caustic 
soda with iodine, and allowing the solution to evaporate spontane- 
ously. At first, this salt was thought to be the same as that 
described by Mitscherlich in his elements of Chemistry, and to 


which he gives the following composition NaI -|- Na O, 10 -|-HO ; 
5 20 


but the analysis geve very different results. Professor Penny gives 
the following characters of this salt: It is white and inodorous, has 
a sharp, saline taste, crytallizes in short six-sided 5 is soluble 
in cold and hot water, and is decomposed by alcohol into iodate of 
soda and iodide of sodium. It effloresces by exposure to the air, 
and is very readily decomposed by heat; water in abundance is 
first evolved, and then oxygen with à trace of iodine. Its solution 
is perfectly neutral to test papers, gives a pale lemon yellow preci- 
pitate with acitate of lead, yellowish white with nitrate of silver, 
and a fine bright yellow with pernitrate of mercury. It is not 
affected by solution of starch, but instantly decomposed with the 
precipitation of iodine by nitric, sulphuric, acetic, and hydrochloric 
acids. The latter acid in excess converts it wholly into chloride of 
potassium. He detailed a remarkable circumstance attending the 
formation of this salt from iodine and caustic scda. When the 
solution is evaporated spontaneously, long prismatic crystals of 
iodate of soda deposit; but as the evaporation continues, these 
erystals are re-dissolved, and are replaced by those of the new 
salt. In one experiment this change was very striking. The 
solution on Saturday night had deposited an abundance of fine 
erystals of iodate of soda, but on Monday all these had disap- 
peared, and a crop of the new salt had crystallized. The 
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prior deposition of iodate of soda generally occurs in the pre- 
paration of this salt; and from other experiments of the author, it 
seems necessary that there should be excess of iodide of sodium 
present in the solution, and that the solution should be strong, in 
order that the salt may form. When this salt is dissolved in water, 
and the solution evaporated spontaneously, crystals of iodate of 
soda deposit, but very few of the new salt will form. The salt 
may also be procured by pouring a saturated solution of iodide of 
sodium on crystals of iodate of soda, ani setting them aside for 
some days. The crystals will be dissolved and be replaced by 
crystals of the new salt. Prof. Penny then gave the details of his 
analysis of this salt, and the following formula, as agreeing best 
with his results: Na I O -|-38 HO; or regarding it as a com- 
55 12 


pound of iodate and iodide, it may be thus represented: 
3 Na I- -2 NaO 10O -|-38 HO. According to this view, it is the 
5 


sesqui-iodide of iodate of soda. 


On the Mode of detecting Minute Portions of Arsenic. 
By Dr. Clark, of Aberdeen. 


This mode had been applied by the author to the detection of 
arsenic in commercial specimens of the metals tin and zinc. Grain 
tin, made in Cornwall, contains arsenic, which seems to be the 
occasion of the peculiar smell of the hydrogen evolved from that 
metal by the action of acids. All the specimens of commercial 
zine that the author had happened to try were found to contain 
arsenic. Pure muriatic acid, diluted with distilled acid, is poured 
upon the metal, and the hydrogen evolved is passed first through a 
solution of nitrate of lead, and next through a solution of nitrate of 
silver. Nitrate of lead seems not acted upon by arseniuretted 
hydrogen,—at least, when in very small proportion ; but were any 
sulphur present in the metal, sulphuretted hydrogen would be 
evolved in consequence, and the solution of nitrate of lead would 
be blackened, which, however, the author did not observe ever to 
occur. But nitrate of silver seems immediately to be acted upon 
by most minute portions of arseniuretted hydrogen. A bluish black 
precipitate is formed, which, to judge frem a qualitative analysis, 
appears to be an arseniuret of silver. This bluish black precipitate 
may be collected with remarkable facility, from its falling readily 
from the solution, which it leaves perfectly clear. Heated in a small 
tube, so that the matter heated comes into contact with the air, the 
bluish black precipitate evolves arsenious acid, which, by the liquid 
tests, may be further satisfactorily recognized. Antimony pro- 
duces a similar precipitate, so that the mere appearance of the 
precipitate is not enough, without the production and recognition, 
by the usual methods, of the arsenious acid. By a few evident 
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modifications, this method may be applied to medico-legal inves- 
tigations. 


Dr. R. D. Thomson had found that the electrical method of Mr. 
E. Davy was inapplicable, in consequence of the deposition of a 
black matter from the zinc, which he had considered to be bitumen. 
Dr. Clark has, however, proved it to be arsenic. 


On a New Mode of estimating Nitrogen in Organic Analysis. By 
Professor BUNSEN. 

The qualitative methods at present employed for the analysis of 
azotized bodies were shown to be defective, for it is impossible to 
employ these processes when the nitrogen and the carbon are in 
small proportion to each other. Prof. Bunsen’s process consists in 
introducing the substance to be analyzed, after having mixed it 
with oxide of copper, into a glasstube. A few slips of metallic 
copper are then added, and the tube is fixed to Dobereiner's appa- 
ratus for producing hydrogen. This gas is conducted through it 
until all the atmospheric air is expelled, giving the tube a rotatory 
motion at the same time, in order to dislodge any air which might 
be retained between the particles of the oxide of copper. The tube 
is now hermetically sealed, and introduced into an iron vessel filled 
with gypsum. The gypsum must be still moist when the tube is 
introduced, in order that it may be firmly wedged. Thus prepared, 
it is introduced into the common oven used for organic analysis, 
and surrounded with red-hot coals. If the tube be of strong green 
glass it never bursts. When the combustion is completed, the tube 
is placed below a graduated glass receiver standing over mercury, 
and the point cut off. The gas which had a pressure of several 
atmospheres now rushes into the jar. The carbonic acid is ab- 
sorbed by a ball of hydrated potash, which is introduced into it, 
and the remaining gas must be nitrogen, for all the hydrogen must 
have been converted into water by the oxygen of the oxide of 
copper. The results obtained by this method agree with theory 
to the second and often to the third decimal place. 


MISCELLANEOUS ARTICLES. 


On the Cultivation and Growth of Electrotypes. 


Without entering into the merits or demerits of the various modes 
of proceeding, which have been placed before the public, in the 
process of forming electrotype, I cannot help thinking that there 
are some theoretic points of very great importance, which remain 
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to the present moment, unexplained ; indeed, nearly untouched. 
But as all the processes of art are based on unvarying theoretical 
principles, and must eonsequently be prosecuted with much greater 
facility, and with better success, when guided by theoretical laws, 
than under other circumstances; a brief view of the theoretical 
principles in the process of forming electrotypes may possibly be 
interesting to many readers of the“ Annals.“ 

.Whenever an electric current from a voltaic battery is made to 
traverse an aqueous solution of a metallic salt, sulphate of copper, 
for instance, a decomposition of the solution is accomplished, and 
the liberated particles of the metal assemble at the negative pole. 
And the oxygen and acid matter assemble at the positive pole ; and 
the terminal negative plate in the solution, has its surface, next to 
the positive plate, soon covered with a coating of copper. If in- 
stead of having two plates only in the solution, there were several, 
perfectly unconnected with each other, as is shown in fig. 4, plate 
vi, every plate would become electro-polar, having a positive and a 
negative surface, as indicated by the letters pn, pn, &c. The 
positive side of each plate would become oxidized, and the negative 
side would receive copper from the liquid: and the deposition of 
copper on the negative side of each plate would form a new com- 
pact plate of copper. And if any engraving were on the negative 
side of any of these plates, or on all of them, the new plates, (the 
electrotypes) would be complete pictures in relief, of the original 
engravings. When a single pair of metals is used, and an engraved 
copper plate is one of them, and a piece of zinc the other, the 
deposition of copper, from the solution in which they are placed, 
will be on the engraved copper plate. It was in this way that the 
electrotype was formed, from which the print accompanying this 
number was taken. 

A wire was soldered to the back side of the engraved plate, and 
another wire to a similar piece of zinc. The former, with its face 
upwards, was placed in a solution of sulphate of copper, and the 
latter in water in a porous paper tray above it. The two wires 
were tied together by a thin copper wire, which formed the voltaic 
circuit. The liquids were changed every 24 hours. In five days 
the first crop was removed from the engraved plate. This first 
crop was then furnished with a wire and made to assume one side 
of a new voltaic pair, with a new zinc for the other metal. And 
by placing this new voltaic pair in similar liquids, and in the same 
manner, as in the first process; a second crop of electrotype was 
formed on the face of the first one. This second crop, of course, 
is a fac simile of the original engraved plate ; and in six days be- 
came 4 ounces heavier than it. We have other plates growing at 
the Victoria Gallery, from which prints will be taken, and presented 
to the readers of the “ Annals.” 


486 , Miscellaneous Articles. 


Description of the Dial Plate of Professor Mliealstone s Electro- 
Magnetic Telegraph. 

Figure 6 of plate vii., is a front view of the dial plate of the 
telegraph, on which are placed twenty-five letters of the alphabet, 
and five indexes. The indexes are placed in a horizontal line on 
the letters L, M, N, O, P, one on each: and by means of magnetic 
needles placed on the saine axis, behind the dial plate, and those 
needles placed within spiral conductors in the usual way, the in- 
dices can be deflected either towards the right or the left, according 
to the direction of the electric current which traverses the con- 
ductor. When only one needle’ is deflected, it indicates the letter 
on which it is placed. All the other letters are indicated by being 
pointed at by two needles. The letter F, is pointed at by two 
needles in the figure, and is consequently the letter indicated by 
the telegraph. Other letters on the dial plate are pointed at in a 
similar manner. 


On the remarkable diffusion of Coralline Antmalcules from the use 
of Chalk in the arts of life, as observed by Ehrenberg.—An exami- 
nation of the finest powdered sorts of chalk which are used in trade, 
has afforded Prof. Ehrenberg the following result: that even in 
this finest condition, not merely the inorganic part of the chalk is 
become separated, but that it remains mixed with a great number 
of well-preserved forms of the minute shells of coral animalcules. 
As powdered chalk is used for paper hangings, Prof. Ehrenberg 
also examined these, as well as the walls of his chamber which were 
simply washed with lime, and even a kind of glazed vellum paper 
called visiting cards, and obtained the very visible result—demcn- 
strating the minuteness of division of independent organic life ; 
that those walls and paper-hangings, and so, doubtless, all similar 
walls of rooms, houses, and churches, and even glazed visiting 
cards prepared in the above mentioned manner, (of which cards, 
however, many are made with pure white lead without any addi- 
tion of chalk,) present, when magnified three hundred diameters, 
and penetrated with Canada balsam, a delicate mosaic of elegant 
coralline animalcules, invisible to the naked eye, but, if sufficiently 
magnified, more beautiful than any painting that covers them.— 
Annals of Natural Hislory, p. 286, No. 24, for December, 1839. 


Auroral belt of May 29, 1840.—About 9h. 20m. P. M. of Friday, 
May 29, 1840, a luminous belt, spanning the heavens from east to 
west, was seen by several persons in this city. When fully formed, 
about 9h. 22m., its width was from 3° to 5°, being widest and most 
Inminous on the western portion ; its altitude, at the highest part, 
about 85° above the southern horizon. Its light was similar and 
equal to that of ordinary auroral streamers. The extremities of the 
belt were 10° or 20° above the horizon, but their position was not 
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particularly noted, and may have varied 10° or more from the E. 
and W. points. The northern edge of the belt was weill defined; 
the southern was not very distinct. The belt slowly drifted south- 
ward, at the rate of about a degree per minute. At 9h. 30m., at 
which time the belt was brightest and most perfect, its northern 
edge was projected on Arcturus. Just before the belt reached this 
star, there was a slight bending, concave to the north, in that part 
of the belt which lay not far east of the meridian. This occurred 
near that region of the heavens in which (at this town) an auroral 
corona is manifested. The belt soon began to fade, and by 9h. 45m. 
was neaily extinct, but for ten minutes longer, a small remnant of 
it was visible in the southwest, which, just before it disappeared, 
passed to the south of Regulus. ‘The summit of the belt was, at 
vanishing, about 10% sonth of Arcturus. ‘This belt was apparently 
constituted in part of beams obliquely transverse to its length, but 
this character was on this occasion less conspicuous than has com- 
monly been noticed in other cases. During the whole time the sky 
was obscured by haziness and partially by clouds. There was some 
auroral light about the northern horizon, but it had no visible con- 
nection with the belt. Soon after 10h. this light increased exceed- 
ingly ; numerous streamers rose to the altitude of 50%, and auroral 
waves flashed up nearly or quite to the coronal point. 


This auroral belt was seen at New York city, and doubtless at 
many other places. If observations upon the position of the edge 
of the belt at given times were made at any considerable distance 
north or south of New Haven, we might have the means of finding 
approximately its height above the earth. If any such observations 
were made, it is to be hoped that they will be given to the public. 

E. C. Herrick. 


New Heren, Connectcut. 


Lectures on Electricity, Magnetism, & c. 


LECTURE II. 


Having, in the first lecture, given specimens of the electric, the 
magnetic, and the calorific classes of phenomena, I will now pro- 
ceed to offer to your notice a few other preliminaries which will be 
necessary to be understood before we can enter very far into the 
study of electricity. In the first place, then, 1 must present to 
your notice a very well established fact respecting a property of 
atmospheric air, which is applicable to all the gases, and also to 

3s O 
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the electric matter. When the air within the receiver of an air- 
pump has become attenuated by the action of the pump, it still 
occupies the whole capacity of the receiver, and does not settle, as 
water would do, into the lower part of the receiver, so as to occupy 
that part only. Let us, for example, suppose that the receiver 
originally contained a quantity of air which we. will call 100. If, 
now, by the action of the pump, 50 parts were to be withdrawn, 
the receiver would retain the other 50 parts only, or just one-half 
of the original quantity. But these 50 remaining parts of the air 
would still occupy the whole capacity of the receiver. Suppose, 
now, that the pump is again set to work, and that it withdraws 
from the receiver just one-half of the 50 parts that were left by the 
first operation ; it is easy to understand that since the half of the 
50 parts has left the receiver, there can be only 25 parts remaining. 
But these 25 parts, which are only a quarter of the original quan- 
tity, do not subsist in their original dimensions, and so occupy one 
quarter only of the receiver; nor do they subsist in one-half of the 
capacity of the receiver, in their dimensions previous to the last 
operation of the pump; but absolutely fill the whole capacity of the 
receiver as decidedly as the 100 original parts filled it. And in 
the same manner the whole capacity of the receiver would be 
occupied by any remaining portion of air, even after that portion 
had become too small for the pump to affect it any longer. Now 
in all these cases, it is obvious that the air has expanded by virtue 
of some inherent power with which it is naturally endued. This 
power is usually called repulsion : and it is admitted by all philo- 
sophers that the particles of air have a natural inherent repulsive 
force, by means of which they are continually endeavouring to 
recede from one another. Hence it is that air becomes expansible 
to an amazing degree, and any portion of it may be made to occupy 
a space immensely greater than that which it occupies naturally at 
the surface of the earth. 


On the other hand, any portion of the air at the earth’s surface 
may be condensed into a smaller and smaller compass than that 
which it naturally occupies. If, for instance, an inverted glass 
tumbler were to be held just over the surface of the water contained 
in a glass jar, it would contain a certain quantity of air, which 
would occupy the whole capacity of the tumbler; but if this 
tumbler with its contained air, were to be pressed down into 
the water, the air would no longer occupy the whole capacity, 
but would be compressed into a less space, and a portion of water 
would enter the lower part of the inverted vessel: and the deeper 
in the water the confined air was taken, the less space would it 
occupy. This is a very decisive experiment, and the simplest I 
can think of for showing the compressibility of air. A small piece 
of corkemay be placed on the surface of the water beneath the 
tumbler, which will always indicate the height to which the water 
ascends inside, at different depths, and consequently show the 
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space occupied by the air. Having now become acquainted with 
these two facts, the expansibility and the condensibility of air, we 
learn that air has the quality of being elastic. But it must not be 
forgotten that this quality of elasticity which air possesses is a mere 
consequence of the natural inherent repulsion of its particles. 


By keeping in view the consequences of the attribute of repul- 
sion which air possesses, whilst contemplating electrical phenomena 
we shall be enabled to account for a great variety of facts which 
would otherwise appear inexplicable. The electric matter, or, the 
electric fluid, as it is more frequently called, is much more highly 
elastic than common air, and therefore can be condensed and atte- 
nuated by employing proper means to a very great extent; but its 
motions, when in the act of expanding, are performed with such an 
immense degree of activity that, although several philosophers have 
attempted to ascertain its velocity, their efforts have hitherto been 
unavailing. 

Besides the quality of elasticity in common with air, and other 
kinds of gaseous matter, the electric fluid possesses others peculiar 
to itself. Its activity is superior to that of any other known kind 
of matter: it enters into the pores of the most compact solids, and 
is to be found in every kind of tangible matter. It constitutes a 
portion of the atmosphere, and frequently accumulates to an 
amazing extent in the clouds, gradually increasing in density, till 
its elasticity becomes sufficiently great to enable it to burst from its 
aerial prison in a compact form, and exhibit itself in all the majesty 
and splendour of lightning. 


It is a remarkable fact that the motions of the electric fluid are 
much more facilitated by some classes of bodies than by others. 
The metals are considered to facilitate the progress of the electric 
fluid to a greater extent than any other class of bodies whatever 
But the metals themselves, as individual bodies, vary very consi- 
derably in the degree of facility which they respectively offer to 
the motions of the electric fluid: copper offering the greatest faci- 
lity of any known body, and lead, or iron, perhaps, the least of 
any of the metals. But it would be impossible, in the present condi- 
tion of the science, to give a correct table of the various degrees of 
facility which different bodies offer to the motions of the electric 
fluid: for although much has been attempted to be done, and 
much more pretended to have been done, in determining so im- 
E a particular in electricity, it is lamentable in the extreme to 

ave to acknowledge that but very little has absolutely been accom- 
plished in this interesting inquiry. 

Those bodies which offer comparatively great facilities for the 
motion of the electric fluid, are usually called conductors ; and those 
which offer the least facility, being supposed to present an absolute 
resistance to the motions of the fluid, have been called non-conduc- 
tors. Now, as the terms conductors and non-conduclors of electricity, 
are well known from their long use, and as I am not disposed to 
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attempt to supplant by others, any familiar technicalities, such as 
these, which have been of considerable benefit in the promotion of 
the science, I can find no objections to place before my readers the 
following tables of what has been considered conductors and non- 
conductors of electricity, which I find in Mr. Singer’s excellent 
Elements of Electricity“: 


CONDUCTORS. NON-CONDUCTORS, 
All the known metals, Shell-lac, amber, resins, 
Well burnt charcoal, Sulphur, wax, jet, 
Plumbago, Glass, and all vitrifications ; talc, 
Concentrated acids, The diamond, and all transparent 
Powdered charcoal, jems, 
Diluted acids and saline fluids, | Raw silk, bleached silk,dyed silk, 
Metallic ores, Wool, hair feathers, 
Animal fluids. Dry paper, parchment, & leather 
Sea water, Air, and all dry gases, 
Spring water, Baked woo:i, dry vegetable sub- 
River water, stances, 
Ice and snow, Porcelain, dry marble, 
Living vegetables, Some silicious and argillaceous 
Flame, stones, 
Smoke, Camphor, elastic gum, lycopo- 
Steam, dium 
Most saline snbstances, Native carbonate of barytes, 
Rarified air, Dry chalk, lime, phosphorous, 
Vapour of alcohol and ether, Ice at — 13° of Fahrenheit’s 
Most earths and stones. thermometer 

Many transparent crystals, when 

perfectly dry, 


The ashes of animal and vegeta- 
ble substances, 

Oils, the heaviest appear the best, 

Dry metallic oxides. 


Mr. Stephen Gray, a pensioner of the Charter House, was the 
first person to discover the conducting power of metals, and to 
ascertain the great difference, in this respect, between a metallic 
wire, and a cord of hemp, or silk. This discovery was made 
on the 3d of July, 1729, it was perfectly accidental, and occurred 
from the circumstance of substituting a metailic wire for the sus- 
pension of an electrized body, in lieu of a silken cord which had 
broken. Dr. Priestley, at the suggestion of Dr. Franklin, seems 
to have been the first philosopher who undertook a series of experi- 
ments, for the purposes of ascertaining the different degrees of con- 
ducting power possessed by different bodies. Several other philo- 
sophers have also paid considerable attention to this subject, 
though, as I have before stated, little more has been accompished 
than the ascertaining of a few general facts: for there still remains 
much difference in the tables given by different authors. The 
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following table is taken from Cavallo’s ‘‘CompleteTreatise of 
Electricity,” 2nd edition published in 1782 :— 


CONDUCTORS. NON-CONDUCTORS. 
Gold, Glass, and all vitrifications, even 
Silver, | those of metals, 
Copper, All precious stones: the most 
Brass, | transparent the best, 
Iron, All resins & resinous compounds, 
Tin, Amber, 
Quicksilver, | Sulphur, 
Lead, | Baked Wood, 
Semi-metals, All bituminous substances, 


Animal and vegetable charcoal, | Wax, 

The fluids of the human body, |! Silk, 

All fluids, excepting air and oils, | Cotton, 

The efHuvia of flaming bodies, All dry animal substances, as 


Ice,* feathers, wool, hair, &e. 
Snow, Paper, 
Most saline substances, the best White sugar, 
being metallic salts, Sugar candy, 
Soft stoney substances, | Air, 
Smoke, Oils, 
The vapours of hot water, Calces of metals, 
Highly attenuated air. The ashes of animal and vegeta- 


ble substances, 
All dry vegetable substances, 
All hard stones, the hardest the 
| best. 
Professor Cumming, in his translation of Demonferrand’s ‘* Ma- 
nual of Electro-Dynamics,” gives the following table of the con- 
ducting powers of metals— 


Silver, | Tin, 
Copper, ! Platina, 
Lead, Palladium, 
Gold, Iron. 


Brass, zine, ; 


It would be useless to give any more tables of the conducting 
and non-conducting powers of different kinds of matter, as there 
are no two that agree in every particular. For my own part, I 
am of an opinion that all bodies are conductors more or less, metals 
being the best class of conductors, and vitrious and resinous sub- 
stances being about the worst. Mauch, however, will depend upon 
the extent of the electric force employed, and much again upon 
the length of the bodies upon which that force has to operate. 

When any body in a state of electrization is supported on a non- 

e According to Achard, ice conducts the electric fluid whilst it remains above 
a certain temperature, but is not a conductor below that temperature. 


+ In all these tables, those bodies which are first in the list. are considered the best of their 
kind; and the others take precedence of a'l those below them, 
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conductor, as by a glass stem, or suspended by silk or other non- 
conductor, it is said to be insulated. There are many other tech- 
nicalities which I shall have to notice as I proceed, but it will not 
be necessary in this place to introduce any more than those already 
mentioned. 


The motions of light bodies by the action of sealing-wax, glass, 
&c., already noticed in the last lecture, are phenomena of a high 
interesting character, and are a portion of those which must neces- 
sarily be regarded as of an elementary character, independently of 
a knowledge of which no plausible hypothesis of electricity could 
possibly be formed: on which account it will be necessary to 
recur to them again, and to point out other experiments from 
which similar results may be obtained. But it must not be ex- 
pected that because the results, by various modes of experimenting, 
are similar or of precisely the same character, that they should be 
of precisely the same extent, or degree of power. The light ema- 
nating from two burning candles of different dimensions, may be, 
and generally is, of precisely the same character, but the tntensily 
of the light, from the two sources, may be very different: or, we 
may say, the guantily of light proceeding from one of the candles 
is very different to the quantity of light proceeding from the other. 
If simiiar reasoning be applied to the display of electrical pheno- 
mena, we may easily understand that, notwithstanding the identity 
of the character of the motions produceable from different sourccs 
of electric action, the quantity or intensity of those motions may be 
very different. And as some sources are sufficiently vigorous to 
put into motion bodies of 2 considerable magnitude, and others so 
exceedingly feeble as to require the employment of the most deli- 
cate apparatus for their detection, it will be necessary, before pro- 
ceeding to other experiments, to describe such instruments or 
pieces ot apparatus as may be wanted for carrying on those expe- 
riments with which we ought to be made familiar as soon as 
possible. 


The instruments which are usually employed for the detection 
of feeble electric action, are called electroscopes, of which we have 
several forms. The simplest electroscope, and one which may be 
frequently employed, is merely a single fibre of flax, silk, or any 
other such flexible article as will bend to slight electric forces. 
The fibre may be supported in any manner you please, so that it be 
permitted to hang freely in a vertical direction. Fig. 4, plate vii., 
is an electroscope of this kind, where the fibre F is supported by, 
and hangs freely from, the wooden stem s. Having rubbed a stick 
of sealing wax against the sleeve of your coat, present it to the 
lower end of the suspended fibre, and you will see that it bends 
towards the sealing wax ; and if you bring them sufficiently near 
to each other, the fibre will adhere to the wax for some considera- 
ble time. In this experiment you have an electric attraction ex- 
hibited as decidedly as by the motions of the pieces of paper in the 


Elementary Lectures on Electricity, &c. 493 


former experiments: but if the fibre be not very dry and warm, 
you have not that jumping to and fro, as with the pieces of paper, 
for the fibre of the electroscope clings to the wax without leaving 
it, till the electric force is so far exhausted as to be no longer able 
to hold the fibre to the surface of the wax. The action will, in 
many instances, continue a long time, and by paying attention you 
may observe the fibre to change places on the surface of the wax, 
and this very frequently, if you accommodate the wax the motions 
of the fibre, by moving the former so as to facilitate the motions of 
the latter. If, however, the fibre be very dry and somewhat warm, 
it will sometimes recede from the surface of the wax, in the same 
manner as the pieces of paper, and will lean towards the stem s, 
if very near to it, and even strike against it, and after remaining 
attached to it a short time, will again return to the waz: and re- 
peat these motions several times, till the electric force is too far 
exhausted to produce them arty longer. 


I will not detain you, in this place, with an explanation of the 
cause of the electroscope fibre continuing to be attached to the sur- 
face of the excited wax under some circumstances, and not under 
others; because I am desirous of first making you acquainted 
with the structure and method of using another simple electroscope, 
which will exhibit the principles upon which they are founded in 
better perfection, than by that made of a single fibre. 


Fig. 5, plate vii, will represent the form of a very simple electro- 
scope which may be used to great advantage in some electric in- 
quiries. It consists of a glass stem fixed in a wooden foot, and a 
projecting horizontal brass wire arm, terminated with a small brass 
ball, When the foot of this instrument is made of nicely turned 
and polished mahogany, and the brass arm and its ball well polished 
and lacquered, the instrument assumes a very pretty appearance. 
Over the farther end of the horizontal arm is hung a flaxen fibre, 
to each end of which is attached a very small ball of the pith of 
theelder. As the glass stem of this instrument is a non-conductor, 
it is incapable of carrying off any of the electric action of the ho- 
rizontal arm, or of the fibres and their balls; and as the atmos- 
pheric air is alsoa non-conductor, all that part of the instrument 
which is supported by the glass stem is insulated. As, however, 
glass hasa great tendency to collect moisture on its surface, the 
stem of this instrument must be kept warm, and occasionally wiped 
with dry cloth to preserve insulation as far as possible. If the sur- 
face of the glass be covered with a good coating of lac-varnish, the 
insulation may be maintained for a long time without much trouble. 

Let us now again excite the stick of sealing wax, and afterwards 
present it tothe upper side of the horizontal arm of the electro- 
scope, fig. 5. The pith balls wiil diverge from each other, as re- 
presented in the figure, before the wax comes into contact with the 
metallic arm. But if the wax be withdrawn without touching the 


metallic arm, the balls will again colapse, and show no electric 
action. 
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Excite the wax again, and bring it into contact with the arm of 
the elcctroscope, drawing its surface over the arm. The pith balls 
will diverge as before, and will remain divergent, even when the 
wax is withdrawn. And if the room, in which the experiment is 
made, be dry and warm, and the air perfectly still, the balls will 
remain divergent for a long time, even several hours. But in all 
cases the divergency will gradually lessen from the first moment 
that the excited sealing wax is withdrawn from the electroscope, and, 
eventually, the divergency entirely disappears. Precisely the same 
kind of phenomena are displayed by the action of any excited body 
whatever, provided its electric forces be suſſieiently powerful. 


Hence you may employ excited glass, amber, sulphur, paper, 
&c., in your experiments with this instrument, ard the pith balls 
will diverge with each excited body. Dry writing paper rubbed 
with indian- rubber, becomes highly electric ; and so does coarse 
brown paper when drawn quickly between the coat sleeve and a 
woollen table cloth; or between the coat sleeve and the trousers. 
When the paper is made pretty warm before the friction is given to 
it, and the knuckle presented afterwards to its surface, a crackling 
noise will be heard, and sometimes sparks will be seen between the 
knuckle and the paper. This experiment answers best during 
frosty weather. Similar phenomena may be produced by stroking 
the back of a cat. Puss often becomes uneasy by this treatment, 
and the hairs of her back and tail brush out in a very strange 
manner. 

I must now bring forward an experiment the results of which 
are something different to any I have yet offered to your notice. 
Excite the sealing wax as before and draw it over the arm of the 
electroscope fig. 5, and when taken away the balls will remain 
divergent. Again excite the wax, and again make it approach the 
arm, on the upper side, but without touching it, you will observe 
the balls separated further than before, but as you withdraw the 
wax again, the balls will fall to their former position. The balls 
may be made to separate further from, or approach nearer to, each 
other, for several times, by alternately advancing the excited wax 
to the arm of the instrument, and withdrawing it from it. If, after 
the balls have been divergent by the first application of the wax, 
the latter be again excited and then presented towards the balls, 
you will observe them to recede from it: and with a little practise, 
you may deflect the balls from the wax in any direction you please. 


ERRATA.—Puage 198, in the heading of article XXV. for“ Van Kobell,“ read 
„Von Kobell: and the same in the heading at the top of each left hand page of 
that article. Line 6 of that article, for “into” read “on 10.“ — Page 199, line 
2, from bottom of page, for “ Demerara," read“ Damara.” Same page, first line 
in the note, for end“ read “and.” In the article“ Electrotvpe,” in pages 237 
and 238, all that part which is below Mr. Cartwright’s letter in page 238, is to 
be read after the word“ engraving, at the end of the third paragraph, page 237. 
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